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CLXXIX — Studies in Photoivopy and Thevvnotvopy. 
Part IV. o-Hitrohenzylidentarylamines and their 
Photoisomeric Change. 

By Alfred Senier and Rosalind Clarke, 

This communication ie a record of further studies in search of 
phototropic or thermotropic compounds, and is a continuation of 
the work contained in previous papers (T., 1909, 95, 1943; 1911, 
99, 2081; 1912, 101, 1950). The o-nitrobenzyli dene ary lamines 
examined were all easily prepared by bringing together the alde- 
hydes and amines in alcoholic solution. All of them are thermo- 
tropic, and several exhibit phototropic properties. It is noteworthy, 
however, that in most cases the prolonged effect of sunlight was to 
change the bases into non-revcrsible dimorphic varieties which could 
be restored generally to the original form by heating to a tempera- 
ture just below their melting points or by actual melting. 

The analogy between the structure of these bases and the o-nitro- 
compounds studied by Ciamician and Silber (2?er., 1901, 34, 2040) 
and by Sachs and Kempf (Rer., 1902, 35, 2704) led us to try if 
they also would exhibit by prolonged exposure of benzene solutions 
to sunlight a photoisomeric change with the formation of a nitroso- 
isomeride. In nearly every instance the photoisomeride was 
obtained. 

Ciamician and Silber found that o-nitrobenzaldehyde changes in, 
benzene solution, giving a precipitate of the less soluble o-nitroso- 
benzoic acid, thus : 

NOg-CeH^-CHO 

Sachs and Kempf in like manner found o-nitrobenzyli dene aniline 
to undergo isomeric change with the formation of o-nitrosobenZ' 
anilide, thus: 

N02-C6H4‘CH:NPh NO-CgH^-CO’NHPh. 

Taking as an example the base o-nitrobenzyli dene-p-chloroaniline, 
we find the isomeric change to be quite analogous, thus : 

NOs-CeH^-CH-.N-CeHiCl NO-CeH^-CO-NH-CeHiCl. 

Except in this instance, the quantities obtained were too small to 
admit of analysis. 

The expressions “ lower temperature ’’ and “ higher temperature 
are used throughout in this paper, as in previous communications, 
to mean respectively the temperature of solid carbon dioxide and 
a temperature just ^low the melting point of the substance. 

VOL. CV. 6 I 
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The compounds are all yellow unless otherwise stated, and 
dissolve in the usual organic solvente from which suitable crystal- 
lising media were selected. 


Q-Nitrohenzylidcneaniline, NOg'CgHj'CHiNPh. 

This compound, already d^cribed by Kuoevenagel (5er,, 1898, 
31, 2609), exhibits thermotropy at the "lower,” but not at the 
" higher ” temperature. It is not phototropic, but under the influ- 
ence of actinic light it changes into a permanent deeper-coloured 
(iiinorphic variety y with a melting point 2° lower than that of the 
original compound. Sachs and Kempf (Zoc. cit.) found that, wheii 
exposed to sunlight in benzene solution, it changes into an isomeric 
nitroso-compound, namely, o-nitrosohemanilide, 
NO-C^Hi-CO-NHPh. 


o-iV Hrohenzy lidene toluidinesy NOg* C(;H4 ‘ CH ! N * CgH4Me . 

Q-NiirohenzyUdene-o-toluidine . — Jaeger (^hem, Zentr.^ 1906, ii, 
325) prepared this compound, and found it to melt at 96°. The 
specimen examined melted at 81— 81 '5° (corr,). 

Like its homologous aniline derivative, this compound is thermo- 
tropic at the lower,” but not at the "higher” temperature. It 
is nob phototropic, bub, when subjected to sunlight, changes to a 
reddish-brown dimorphic variety, the melting point of which is 4° 
lower than that of the original substance. A benzene solution when 
exposed to sunlight for some time deepened in colour from yellow 
to brown, and a precipitate gradually deposited which, after 
washing with alcohol became colourless. This precipitate is un- 
doubtedly o^?iiirosoheaso-o- tohidide, NO*C6H4-CO*NH-C(jH4Me, 
ajialogoms to the corresponding aniline compound of Sachs and 
Kempf. Wlien heated to 140° it decomposes. 

As the melting point of the substance prepared differed consider- 
ably from that given by Jaeger, an analysis was made: 

0’2283 gave 23-1 c.c. N, (moist) at 13° and 741 mm. N==IL69. 

requires N = 11*67 per cent, 

melts at 52—53° (corr.) : 

0'2459 gave 24*8 c.c. (moist) at 11° and 740 mm. N ==11*66. 

^14^12^2^2 requires K— 11*67 per cent. 

It IS tbermotropic at the "lower” temperature, becoming almost 
ro\ f phototropic. The deep red d^Morphk vami,/ 
melte 30 below the melting point of the original base. After 
exposure to sunlight for several weeks a 20 per cent, benzene 
solution of the base changes to a deep red colour, but only traces of 
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a precipitate appeared. The solution probably contained the 
isomeric o-niirosohenzo-m-toluidide. 
o-Niirohenzylidcne-^-toliiidine melts at 73 — 74° (corr.) : 

O' 2028 gave 20' 7 c.c. Ng (n^oiet) at 12'5° and 744 mm. N ~ ll'TS. 

^ 14 ^ 12 ^ 2^2 r^uires N = 11'67 per cent. 

It is thermotropic at the lower/' but not at the “hightjr'' 
tejnperature, and is not phototropic. The dimorphic variety is deep 
brown, and the melting point is 1 — 2° lower than that of the 
original substance. The corresponding o-nitrosohenzo-p-toluidklc is 
deposited on exposing a benzene solution of the original substance 
to sunlight for several weeks. Tt decomposes at 160°. 

<yNUrohe?izylidenechloroanUints, NOo'CeHi'CHlN’CgH^Cl. 
o-Nitrobe7tzylidene-o-chloroaniline melts at 116'5° (corr.): 

O' 1488 gave 14'3 c.c. Ng (moist) at 11° and 732'9 mm. N = 10'99. 

Cj3Hg02N2Cl requires N — 10'75 per cent. 

This base exhibits thermo tropy both at the “ lower ” and at the 
■‘higher temperatures, and is slightly phototropic. The dimorphic 
variety is brick-red, and melts 2° below the melting point of the 
original base. When melted, this dimorphic variety returns to the 
colour of the original compound, and becomes sensitive to light 
again. No evidence of the formation of a nitroso-isomeride was 
obtained. 

o-]^itrohehzylidtne-m-chloroaniline separates from solutions in 
alcohol or light petroleum in cream-coloured needles melting at 
77 — 78° (corr.): 

0'1300 gave 12'3 c.c. N^ (moist) at 11° and T45'7 mm. N^ll'Ol. 

Cj3Hg02N2Cl requires N — 10'75 per cent. 

This compound exhibits tliermotropy at the ‘'lower/’ but not 
at the “ higher '' temperature, and is slightly phototropic. Tlie 
deep brick-red dimorphic variety melts 1° below the melting point 
of the original ba^e, and on re-solidifying has the same colour as 
that substance, and behaves in the same manner in the presence of 
sunlight. The isomeric o-nitroeohcnzo-mrchloromiilide is a powder, 
which melts and decomposes above 145°. 
CflSitrobenzylidene-p-cHoroaniLine melts at 92*5° (corr.) : 

0-1172 gave 10'7 c.c. N. (moist) at 11° and 772 mm. N-11'01. 

C|2Hj) 02N2C1 requires N = 10*7o per cent. 

It is thennotropic both at the “higher ’’ and “lower tempera- 
tures, but is not phototropic. The pale brown dimorphic variety 
has a melting point 2° lower than that of the original compound. 
Tusion appears to change the dimorphic variety into the original 
base. 


6 1 2 
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The isomeric o~nitrosohenzO'^-chloroanil%de was obtained b 
exposing to sunlight au 8 per cent, solution of the original base i 
benzene. It separated as a yellow powder, from which the colon 
was removed by washing with warm benzene. It decomposes abov 
170°: 

0’1025 gave 9’5 c.c. No (moist) at 9° and 766*4 mm. N = 11*19. 
Ci3Hg02N2CI requires N= 10*75 per cent. 

Q-^Htrohtnz■ylidellthromoamlillt8J N02'CgH4'CHIN*CeH4Br. 

o-Nitroheiiztjlid&ne-Q-hromoanilint forms lemon-yellow needle: 
melting at 11 8* 5 — 119° (corr.) : 

0*1 194 gave 9 3 c.c. N^ (moist) at 12° and 772 mm. N = 9*35. 

Cj3H902N2Br requires N == 9*18 per cent. 

It is not phototropic, but exhibits thermotropy at the ‘‘lower’’ 
temperature. The dimorphic variety is brick-red, and melts 4° 
l>elow the melting point of the original substance. Below 
melting point it changes back to the original base. All attempts 
to obtain a nitroso-derivative were unsuccessful. 
o-Nitrohcnzylidcnc-m-bromoamline melts at 77 — 78° (corr.): 
0*1663 gave 13' 1 c.c. No (moist) at 8° and 762*3 mm. N = 9*49. 

CisHgOgNoBr requires N^S'IS per cent. 

This compound is thermotropic only at the “ lower ” temperature, 
and exhibits phototropy at the ordinary temperature when exposed 
for a minute or two to the action of sunlight. The light brown 
dimorphic variety, which appears to return to the original substance 
on fusion, has a melting point 1° lower than, and not so sharp as, 
that of the original subsUnce. The isomeric o-rdtrosohe^zo-Til 
bromoanilide decompoees at about 140°. 

o-Nitrohenzylidene-'pd)rQmoa7viline consists of large, yellow prisms, 
which melt at 99° (corr.) ; 

0*1470 gave 11*8 c.c. (moist) at 9° and 760 mm. N-9'60. 

^^isHgOgN^Br requires N= 9*18 per cent. 

This base is thermotropic at the “lower” temperature, but gives 
only slight indications of thermotropy at the “ higher ” temperature. 
It IS not phototropic. The deeper-coloured dimorphic variety melts 
at the same temperature as the original substance. The isomeric 
o-rntrosohenzop-hromoamlide has no well-defined melting point, 
but decomposes above 170°. 

o-^’ztrobefizylideaeaminophenols, N02'CgH4‘CH:N0sH4*0H. 

consists of long, yellow needles, 
which melt at 107*5° (corr.) : ' 
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0 1376 gave 14 c.c. N2 (moist) at 14° and 755‘4 mm. ir84. 

Ci3Hjg03N2 requires N^ll‘57 per cent. 

This compound is thermotropic at tho lower ” temperature, but 
nob at the “higher” temperature, and is nob pliototropic. Tho 
deep brown dimorphic variety melts 2° below the melting point of 
the original compound, and the colour returns nearly to that of that 
substance. The isomeric o-nitTosohenzo-p-hydroxyaniUde does not 
melt below 200°. 

o-Nitrohenzylidene-m-amiiiophenol crystallises in long, yellow 
prisms, melting at 106*5 — 107*5° (corr.) : 

0*1059 gave 10*4 c.c. N2 (moist) at 16° and 765 mm. N— 11*44. 

CjgHjQOgNg requires N = 11*57 per cent. 

This base is thermotropic at the “ lower,” but not at tlie “ higher ” 
temperature, and is not photo tropic. The dimorphic variety melts 
2° lower than the melting point of tho original base. A small 
quantity of o-nitro^ohenzo~m-hydroxy anilide was obtained, which 
does not melt below 200°. 

o-NitrohtruzylidenC'p-amiiwphenol was previously obtained by 
Pope and Fleming (T., 1908, 93, 1918), who found its melting 
point to be 159°. The specimen examined melted at 163° (corr.). 
It is thermotropic at both tho “lower” and “higher” tempera- 
tures, only slightly noticeable at the “ lower ” temperature. It is 
not phototropic, the colour remaining unchanged even on prolonged 
exposure to sunlight or when exposed, surrounded by solid carbon 
dioxide, to tbe rays of the mercury lamp. The isomeric o-nitrom- 
henzo-p-hydroxy anilide was obtained ; this decomposed when heated 
to a temperature above the melting point of the original substance. 

o~Niirohenzylidene.anmdincSy NOg'Cj^H^'CHlN’CcH^'OMe. 

0 Nit robe nzylidene-o-anisidine melts at 64*5 — 65° (corr.): 

0*1578 gave 14*6 c.c. N2 (moist) at 14° and 766*5 mm. lSr= 10*93. 

C14H12O3N2 requires N = 10*93 per cent. 

Tt is thermotropic at the lower” temperature, but is not photo- 
tropic. It gave a brown dimorphic variety, which melts at the 
same temperature as the original compound, and on melting 
returned to the original base. Aft-er seven weeks’ exposure to sun- 
light in benzene solution, the solution became deeper in colour, 
but no precipitate of a nitroso-isomerido was obtained. 

o-Niirobenzylidtne-m-anuidine melts at 74 — 75° (corr.); 

0*1571 gave 15*1 c.c. Ng (moist) at 16° and 759 mm. 11*13. 

O24H12O3N2 requires N— 10*93 per cent. 

It is thermotropic at the “lower” temperature, but is not photo- 
tropic. The red dimorphic variety has a melting point 2° lower 
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thfiii that of the original substance. When exp^ed to light in 
benzene solution, the solution became deeper in colour, but only 
traces of a nitroso-compound were precipitated. 

\)-Nitrohtnzylident-^a7iisidine melts at 80 — 81^^ (corr.): 

0-2761 gave 26*7 c.c. No (moist) at 15® and 756 mm. N = 11*21. 

C, 4 Hi 2 ^ 3 N 2 requires N=10'93 per cent. 

It shows faint indications of thermotropy at the “ higher ” tem- 
perature, and is distinctly thermotropic at the “lower” tempera- 
ture, but is not phototropic. The deep brown dimorphic variety 
begins to melt 1 — -2° below the melting point of the original com- 
pound. By fusion the dimorphic variety changed back to the 
original base. Only traces of a ?i 2 ^/'oso-isomeride precipitated, which 
melted just below 200®. 


o-Niirohtn.zyrideitcaminohenzoic A cir/s, 

Q-Nitmbehzylidene-o-aminohenzoic acid has already been described 
by Pawlewski {Ber., 1904, 37, 095), who found it to melt at 
170 — 171°, or after a second recrystallisation from alcohol at 
167 — 168°. The specimen prepared wms recrystallised from xylene, 
and was found to melt at 176° (corr,). 

o-Nitrobenzylidene-o-aminobenzoic acid is thermotropic at the 
“lower” temperature, but is not phototropic. After three weeks’ 
exposure to sunlight at the ordinary temperature, a dimorphic 
ranety was obtained, the melting point of which was 1 — 2° lower 
than that of the original compound. It did not change apparently 
on fusion. Only minute traces of a ni^ro.<fo-isomeride were obtained. 

o-Nitrohetizylidene-m-aminohenzoic acid crystallises from acetone 
in pale yellow needles. It dissolves in alcohol or chloroform, only 
very sparingly in benzene or ether, and is insoluble in light 
petroleum. It melts and decomposes at 225° (corr.) : 

0*1266 gave 11*4 c.c. N. (moist) at 14° and 764*2 mm. N=: 10*60. 

^i 4 ^io 04 No requires N-10'37 per cent, 
o-Nitrobenzylidene w-aminobenzoic acid is slightly thermotropic 
at the lower temperature. It is not phototropic. The brick-rcd 
dimorphic variety on heating to 110° apparently changes back to 
the original base. No nitroso-ieomeride was obtained. 

O’Nitrobenzyhdene-p-fiminohemoic acid crystallises from alcohol 
or acetone in small, yellow prisms. It dissolves sparingly in chloro- 
form, still less in ether, and is insoluble in benzene or light 
petroleum. It has no distinct melting point, but decomposes above 
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(0*2302 gave 20‘2 c.c. No (moist) at 13*^ and 758 mm. N-10'29. 

Ci 4 H]o 04 N 2 requires N-10'37 per cent. 
o-NitrobeazylideI]e-jl^aminobenzoic acid is thermotropic at both 
lower and higher ’’ temperatures. It is not phototropic. Tiie 
vellowish-green dimorjfhic variety melts and decomposes below 230^, 
the temperature at which the original compound decomposes. The 
substance does not dissolve in benzene, and no nitroso- compound 
was obtained. 

cyNitrohenzyUdenexylidineSy N02'C(.^H4*CH!N-C<.H3Me2. 
o-'^itrohentyliden.e-oA-xyUdine melts at 85° (corr.) ; 

0*2300 gave 22*1 c.c. Ng (moist) at 17° and 763 mm. N= 11*15. 

CJ 5 H 34 O 2 N 2 requires N — 11'03 per cent. 

This base is thermotropic at the "lower temperature, but shows 
no indication of phototropy. The yellowish-brown dimorphic 
variety returns to the colour of tlie original base on fusion. The 
isomeric o-nitrosohenzo-Q-A.~xylidide obtained melts and decomposes 
at about 170°. 

Q-'^iirohenzylidene-ra-i-xylidine melts at 83° (corr.) : 

0*2492 gave 24*4 c.c. N 2 (moist) at 14° and 738 mm. N = 11*13. 

C 15 H 14 O 2 N 2 requires N==ir03 per cent. 

It is thermotropic at the “ lower " temperature. When exposed 
to sunlight until a slight change of colour takes place the substance 
is phototropic. The dimorphic variety melts — 2° lower than the 
melting point of the original substance, and not so sharply as’ the 
latter. The isomeric o-nitrosobenzo-mA-xijlidide decomposes at 
about 150°. 

o-Nitrobenzylide?ie-Tp-xylidme melts at 75° (corr.) ; 

0*2416 gave 23*3 c.c. N 2 (moist) at 14° and 740 mm. N — 10'99. 

Cir.Hi^O^No requires N — 11*03 per cent. 
o-Nitrobenzylideue-p-xylidiue shows faint indications of thermo- 
tropy at both tE© “lower'’ and “higher" temperatures, but is not 
pliototropic. The deeper-coloured dimorphic variety melts G° below 
Llie melting point of the original base. Traces of o-nitrosohcnzo-'p- 
xijlididey which melts and decomposes at about 125°, were obtained. 

Q-Nitrobenzylide7ie}iaphthyla}nines, N 02 *C(jH 4 *CH!N‘CjoH 7 . 
oNitrohenzylidene-a-naphthylamine melts at 118 — 118*5° (corr.): 
0*2478 gave 21*3 c.c, N 2 (moist) at 14° and 766*8 mm. 10*16. 

CJ 7 IIJ. 2 O 2 N 2 requires N-10'14 per cent. 

This base is thermotropic at the “lower" and “higher" tem- 
peratures, but is not phototropic, The dimorphic variety is deeper 
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in colour tlmn the original compound, but the melting point is the 
same No nitroso-compound was obtained. , , xi 

o-rntrohcnzyUdme-P-naphthylamine., already prepared by H^e 

(Ber 1903 36, 594), is stated by him to melt at 91 . When 
crystellisedfrom light petroleum the specimen we examined melted 
at 95—96° (corr ) It is thermotropic at the “ lower ” temperature, 
and is slightly thermotropic at the “ higher ” temperature, but it is 
not phototropic. The deep brown dimorphic variety begins to melt 
go below the melting point of the original substance. No nitroso- 
compound was obtained, although the colour of the benzene solution 
by exposure to sunlight changed from yellow to yery deep brown. 

o-Nilrobemylidene-<li-cimidine, NO,'CeH4-CH.N"CjH4Me3, melts 


at 112-5~113‘5° (corr.): 

0‘2081 gave 18’6 c.c. N2 (moist) at 12° and 755 mm. N = 10 49. 

CigHieOaNa requires N- 10-45 per cent. 

It is thermotropic at both the "lower” and "higher” tempera- 
tures, but is not phototropic. The yellowish-brown dmorpkc 
varietj^ melts 1—2° below the melting point of the original sub- 
stance. No nitroso-isomeride was obtained. 

Di-o-7utTohenzylidenebemidinej (N02'Cj5H4*CH)2«(N*CgH4)2. This 
compound is obtained when o-nitrobenzaldehyde (2 mols.) reacts 
with benzidine (1 mol.) in alcoholic solution. It crystallises from 
chloroform in yellow prisms. It dissolves in benzene, sparingly in 
alcohol, more sparingly in acetone, and is nearly insoluble in light 
petroleum. It melts at 231-5~232-5° (corr.) : 

0T542 gave 16' 8 c.c, N2 (moist) at 16° and 756 mm, N — 12-57. 

C2cHjg04N4 requires N = 12'44 per cent. 


This base is thermotropic at the "higher ” temperature, and only 
faintly thermotropic at the " lower ” temperature. It is not photo- 
tropic. The deep yellow dimorphic variety melts at a lower tem- 
perature than does the original base. No nitroso-isomeride separ- 
ated on exposing the benzene solution to sunlight. 

Mono-o-nitrohenzylidene (y-phenylenediamine, 

N03-C,H4 -CH<“^Xh, m- N0,-C,H4-CH:N-C„H,-NH3, 

is obtained when o-phenylenediamine (1 mol.) is treated with 
o-nitrobenzaldehyde (1 or 2 molecular proportions) in alcoholic 
solution. The di-derivative was not obtained. It crystallises from 
alcohol or light petroleum in red needles, melting at 93 — 94° 
(corr.) : 


0-1455 gave 21-9 c.c. N2 (moist) at 16° and 757 mm. N= 17-39. 

CJ 3 H 11 O 2 NJJ requires N = 17-42 per cent. 
Mono-o-nitrobenzylidene-o-phenylenediamine is thermotropic both 
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at the “ lower ” and " higher ” temperature. It is not affected by 
gunlight at the ordinary temperature, nor when exposed to raye 
from the mercury lamp at the temperature of solid carbon dioxide. 
^ono-o-nitrosohenzo-o-pheniylenediamide was obtained as a light- 
coloured powder with a melting point above 210°. 

Di-o-ni tro h en zy lidencph enylenedia m ines, 

(N02*CcH,*CH)2:N2:CeH4. 

Di-o- nitrobenzylidene - m - phenyleTiediamine, prepared from 
m-phenylenedi amine (1 mol.) and o-nitrohenzaldehyde (2 mols.), 
crystallises from acetone in small, lemon-yellow needles, which dis- 
solve in alcohol, benzene, or chloroform, sparingly in ether, and very 
sparingly in light petroleum. It melts at 141 '5° (corr.) : 

O' 1052 gave 13 ’5 c.c. Ng (moist) at 15° and 764' 3 mm. N— 15‘04. 

C^oHi 404N4 requires N = 14’97 per cent. 

Di-o-nitrobenzylidene-7n-phenylene diamine is slightly thermotropic 
both at the lower'" and “higher" temperature. It is not photo- 
tropic. The dimorphic variety obtained by exposure to sunlight 
is brownish-yellow, and its melting point is 1—2° below that of the 
original compound. The yellow benzene solution became dark red 
after some weeks' exposure to light, and traces of a precipitate of 
di-c-nitrosohenzo-m-phenylenediamide melting above 200° were 
obtained. 

Dho-nitrobenzylidene-p'phenylenediamine crystallises from alcohol 
and other solvents in deep yellow needles, melting at 214’5° (corr.). 
It dissolves in chloroform, but is almost insoluble in ether : 

O’ 1150 gave 14'5 c.c. N2 (moist) at 16° and 775 '3 mm. N — 14‘93. 

C20HJ4O4N4 requires N==14’97 per cent. 

Di-o-nitrobenzylidene-p-phenylenediamine is thermotropic at both 
the “lower" and “higher" temperatures, hut is not phototropic. 
The greenish-brown dimorphic variety on heating to 150° returns 
to the colour of the original compound. At a higher temperature 
the dimorphic variety deepens again in colour, and melts and 
decomposes about 5° below the melting point of the original sub- 
stance. After exposing a benzene solution for eight weeks to 
sunlight, the colour changed very little, and only traces of a precipi- 
tate of a m/5ro^o-compound were deposited. 

University College, 

Galway. 
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CLXXX.— Calcium Nitrate. Part III. The Three- 
compoueyit System: Calcium Nitrate- Lime— Wat ei . 

By Henry Bassett, jun,, and Hugh Stott Taylor. 

Having studied the equilibrium between calcium nitrate and water 
and calcium nitrate and water plus nitric acid (Bassett and Taylor, 
T 1912 101, 576), it was necessary, in order to complete the 
investigation of the system CaO-N^O.-HaO, to study the equilibria 
in alkaline solutions. 

We were anxious to carry out this investigation partly because 
of the considerable interest attaching to the so-called “ basic salts/' 
which in the case of basic calcium nitrate is increased owing to the 
use which has been made of it technically, and partly to test tlie 
results obtained in a similar investigation by Cameron and Robin- 
son (./. ph/sical Chem., 1907, 11, 273). According to these ob- 
servers, Ca(OH).;>; a solid solution, Ca0,,KN205,2^H20 ; the basic 
nitrate, 2Ca0,N2bj,3l>H20 ; and Ca(N03)2,4H20 could be in stable 
equilibrium with alkaline solutions of calcium nitrate at 25°. 

It seemed very unlikely to us that a powerful base like lime 
should give rise to any such indefinite solid solution with such a 
strong acid as nitric acid, and our experiments have fully borne 
out this view. The portion of Cameron and Robinson’s 25° iso- 
thermal, in which the solid phase in equilibrium is regarded as a 
solid solution, is in reality a part of the curve corresponding with 
Ca(OH)2 as equilibrium solid. With regard to the crystalline basic 
nitrate the compound stable at 25° has the formula CaoNjOyjSH^O, 
and not CaoN^OjjS^HoO, as has been hitherto assumed. At 100^ 
the hydrates Ca-2N207,2H20 and Ca2N207,jH20 may exist in equili- 
brium with the solutions. The experiments at this temperature, 
moreover, afford additional proof of the non-existence of the solid 
solution. As will be shown presently, the presence of a small 
amount of magnesia in the calcium nitrate employed by Cameron 
and Robinson may possibly have caused complications which led 
them t-o erroneous conclusions. 

We have found no indications of any other basic salt intermedi- 
ate between Ca(OH)2 and Ca2N207. 

Experimental, 

Since even weakly alkaline aoliiLions exert a marked solvent action 
on glass, and since a considerable time was required for equilibrium 
conditions to be attained at 25°, it seemed very undesirable to 
employ glass bottles for tlie experiments. We therefore used 
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farrow-mouthed bottles of cerasin wax, of approximately 100 c.c. 
capacity. These were found eminently satisfactory. They were 
closed with stoppers of cerasin wax, which were made liquid-tight 
by running melted wax round the junction of bottle and stopper. 

These bottles were rotated in a thermoetat kept at 25° for periods 
of upwards of six months, which was considerably longer than the 
time actually required for equilibrium to be reached. 

When ready for analysis the contents of the bottles were allowed 
to settle, and some of the clear solution withdrawn, weighed, and 
analysed. The solid phase was filtered off in the thermostat 
(Bassett, ZmUch. anorg, Chem., 1908, 59 , 12), and the moist solid 
weighed and analysed. 

The method of analysis adopted was to titrate the free lime with 
J/lOmitric acid in the presence of methyl-orange, and then to 
determine the total lime in the titrated solution by weighing as 
calcium oxide after precipitation as oxalate. The percentage of 
NoOj present was then calculated from the two results.* In titrat- 
ing the free lime, care had to be taken in cases where there was a 
large amount of calcium nitrate and a small amount of free lime 
present, to dilute the solution considerably in order to obtain a 
sharp end-point. It seems probable that this is due to a neutral- 
salt effect on the methyl-orange employed as indicator, as discussed 
by Thiele (Ahrens’ '' Sammlung,'’ 1911, 16 , 307). Difficulties due 
to hydrolysis of the normal salt were not observed. 

Merck’s calcium nitrate was used in the experiments described 
in this paper, whilst the additional lime required was obtained by 
the ignition of pure calcium carbonate precipitated from solutions 
by means of ammonium carbonate. 

Although analyses seemed to show that the materials employed 
were satisfactorily pure, we were surprised to find from analyses 
of the moist equilibrium solids that these frequently contained a 
small amount of magnesia. This was traced to the calcium nitrate. 
By a slight modification of Herzfeld and Forster’s method (Zeiisidi. 
Verein Ruhenzucker-Ind.^ 1896, 284) it was found that the sample 
of Merck’s calcium nitrate used for tlie experiments at 100° 
contained O' 01 7 per cent, of magnesia, the amount of calcium 
nitrate being 77 per cent. The material employed for the experi- 
ments at 25° must have contained still less, as the solutions were 
made up from tetrahydrate which had lieeii at least once recrystal- 
lised. 

l^ow although this amount of magnesia is so small that it cannot 
be detected in the ordinary way, and would not cause any trouble 

Tills method was also used by Cameron and Robinson, but in tlieir exjieriiiieiits 
me iiidicatur useJ was phenol jibtbalein, 
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in neutral or acid solutions, yet in the present series of experiment?, 
in which the solutions are alkaline, all the magnesia accumulates 
in the solid phase, being displaced from combination by the 
stionger base, lime. As, moreover, the amount of solid, is compara- 
tively small, there is a possibility of a relatively considerable percent* 
age of magnesia being thus introduced into the equilibrium solid. 

From the method of analysis adopted in the present work it is 
obvious that the magnesia present would be titrated by the acid 
and reckoned as lime, whereas it would be ignored in tbe estimation 
of the total lime. Consequently, the amount of NgOj in the moist 
solid found by calculation would be too low, and the resulting 
diagrammatic representation of the values obtained would lead 
to erroneous conclusions. Thus, in the case of a crystalline basic 
salt the effect would be to cause a higher hydration value to be 
ascribed to the salt in question, whilst a series of solid solutions 
might be indicated, where in reality the solid phase was the 
hydroxide. 

There can be little doubt that one of the chief difficulties to be 
anticipated in the investigation of basic salts is contamination of 
the solid phase either through the solvent action of the solution, 
which will often be alkaline, on solubility vessels of unsuitable 
material, or through the displacement of traces of less basic oxides 
from the solutions, as in the case just discussed. The great length 
of time required for the attainment of equilibrium renders the 
former source of contamination all the more serious. It seems to 
us that the importance of these two disturbing factors has hitherto 
not been duly appreciated in phase-law investigations. 

For the experiments at 100° a long-necked platinum flask of 
100 c.c. capacity was employed. By means of a suitable shaking 
arrangement the contents of the flask were maintained in a state 
of agitation. The flask was closed by a well-fitting cork, the neck 
• of the flask projecting several cm. from the suitably regulated 
oil-bath employed as thermostat. This thermostat was of 9 litres 
capacity, and, after trial of several oils, “ Mobile oil B ” was found 
to work the most satisfactorily as thermostat liquid.* Stirring 
must be vigorous; otherwise, owing to the low specific heat of the 
oil, local irregularities of temperature may occur. The usual 
toluene regulator was employed, the temperature variation being 
±0'2°. The time required for equilibrium varied with the concen- 
tration of solution employed. In the weaker solutions four days 
were ample, whilst at the higher concentrations as long as ten days 
to a fortnight were necessary. 

The oil requires to be renewed after about two months because of the formalion 
of a carbonaceous deposit which interferes with the heating. 
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In the experiments at 100*^ the traces of magnesia present were 
removed from the calcium nitrate solutions by preliminary treat- 
ment in the platinum flask at 100° with excess of pure lime. After 
twenty-funr hours the solutions were filtered in a jacketed filter 
tube, and the purified solution thus obtained was employed in 
the experiment. Weak solutions could in this manner be purified 
directly. The more concentrated solutions were usually obtained 
bv concentrating a 55 per cent, calcium nitrate solution which had 
been previously purified. The evaporation in the platinum flask 
took place quite smoothly, and by occasionally weighing the flask 
and contents a solution of the required concentration could be 
obtained. The amount of lime necessary for the formation of a 
suitable amount of equilibrium solid was added to the purified 
calcium nitrate solution previous to the concentration. 

Microscopic examination of the solid phase was always made 
either before or immediately after filtration from the equilibrium 
solution. 

A few experiments had been carried out at 100° with calcium 
nitrate containing a trace of magnesia before the presence of the 
latter was discovered. The results of these experiments have been 
utilised, and are included in table II, since experiments made with 
magnesia-free nitrate showed that the presence of the magnesia in 
the solid phase had no measurable effect on the composition of the 
equilibrium solutions. The composition of the moist solid has been 
corrected for the trace of magnesia, assuming it all to be present as 
Mg(OH) 2 . The amount of magnesia presejib is given. In all 
other cases purified nitrate had been used, and magnesia was 
absent. 

25° Isothermal. 

The data obtained from the analyses of the various solutions and 
the moist eolids in equilibrium at 25° are presented in table I. 
With the exception of the first three experiments, the analyses of 
the moist solids have been corrected for the small amounts of 
magnesia present. In experiments 24, 25, and 26, the solid in 
equilibrium was not analysed, as the analyses of the solutions 
showed their close proximity to other solutions the equilibrium 
solid of which had been shown to be the basic nitrate. 

The results obtained from the analyses of the solutions are 
expressed graphically in Fig. 1. The triangular diagram, Fig. 2, 
represents the results of the analyses of the solutions and their 
moist equilibrium solids. 

The curves obtained by the study of the system are three in 
number, and by reference to Fig. 2 may be seen to correspond with 
the solid phases Ca(OH)o, Ca.NoO^jSH.O, and Ca(N 03 ) 2 , 4 HoO. 
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Ca(OH )2 Curve AB. 

Calcium hydrate can exist in stable equilibrium with solutions 
containing lees than 44 ’5 grams of calcium nitrate per 100 grams 

Fig. 1. 



of solution. Small quantities of calcium nitrate lower the solu- 
bility of hme. In the most concentrated solution the solubility 
IS increased to about three times that in the aqueous solution. 
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Basic Nitrate Curve BO. 

Reference to the triangular diagram shows that the equilibrium 
solids in experiments 17 — 27 have a composition corresponding with 
Ca 2 N 207 , 3 H 20 . This basic salt is in stable equilibrium with solu- 
tions of calcium nitrate containing from 44 '5 to 57 ’5 grams per 
100 grams solution. The solid phase was composed of large. 

Fig. 2 . 



acicular crystals, many of them at least a centimetre in length 
owing to the length of time allowed for equilibrium to bo attained. 

Tetrahydrate Curve CD. 

The solid phase in equilibrium with solutions along the steep 
branch of the curve CD was manifestly the normal tetrahydrate. 

The figures of Cameron and Robinson have been recalculated 
to the units, grama per 100 grams solution, and are expressed 
graphically along with those of the present investigation in Fig. 1. 
It will be seen that apart from the point E and an uncertainty 
attaching to their result at point B, their results coincide fairly 
well with our own. The uncertainty in the latter case arises from 
the fact that calculation of the Cameron and Robinson values 

VOL. CV. 6 K 
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yields the two different values plotted, according as one calculates 
from their grams per 100 c.c.” table or from the table “ grains 
per 100 grams water.’' Possibly an error in the printing may 
account for this.^ As regards point Ey it is difficult to suggest 
how the break in their curve may have been caused, as the curve 
obtained in the present investigation is quite continuous, and the 
points corresponding with the results from the seventeen solutions 
and moist solids when plotted in a triangular diagram ^ive lines 
all of which converge very closely on the point of composition 
corresponding with Ca(OH) 2 . In Fig. 2 only half of these points 
have been plotted, for the sake of clearness. We consider that our 
results show that a series of solid solutions, such as is postulated 
by Cameron and Robinson, does not exist. 

The remaining point of divergence between the two series of 
results is the composition of the basic salt. From Fig. 2 it will be 
seen that the whole of our points intersect at the point correspond- 
ing with the compound CagNgOyjSHgO. We consider that this 
evidence is considerably more certain than that previously brought 
forward, in which the composition is deduced from two single deter- 
minations, which may possibly have been contaminated with mag 
nesia, and from the analysis of a compound by Werner [Ann. Chm. 
Phys., 1892, [vij, 27, 570), which contained some adhering mother 
liquor, Again, in experiment 17 of the present series it will be 
seen that analysis of the moiU solid showed it to contain a percent- 
age of greater than that in CagNgO^jSJHgO, a result impos- 
sible if the solid phase were the latter hydrate. 


100° Isothermal. 

Table II co]itains the data obtained from the analyses of the 
various solutions and the moist solids in equilibrium at 100°. The 
results are represented graphically in Figs. 1 and 3. 

When the contents of the platinum flask were ready for analysis 
they were allowed to settle. From an hour to a day was necessary 
for this, according to the nature of the solid phase. A suitable 
amount of clear solution was then removed by means of a warmed 
pipette, transferred to a weighed flask, cooled and weighed, and 
then analysed in the manner already described. Some of the solid 
phase was then removed by filtration through a filter-tube, which 
passed through an inverted bottle from which the bottom had been 
removed, and which wa^ filled with water kept at from 98° to 
100°. Sometimes a perforated porcelain disk was sufficient to 

* The figure in the fourth column of table I in Camerou and Robinson’s 
paper seems undoubtedly to be a misprint for 55-88. 
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100° Isothermal. 
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retain the solid; in other cases a disk of filter paper or even a pad 
of asbestos had to be used in addition. 

The mixture to be filtered was introduced into the filter tube by 
momentarily removing the platinum flask from the oil-bath, after 
giving it a vigorous shake, and then pouring some of its contents 
into the tube. By suction on the filter and pressing with a glass 
rod the solid was obtained aa dry as possible; the filter-tube was 
removed from the hot- water jacket, corked up, and cooled by 
blowing air on it, and some of the moist solid weighed in a 
weighing bottle and then analysed. These operations were in 


Fig. 3. 



reality not quite as simple as they sound, and introduce several 
disturbing factors, which probably account for the indications 
given by the triangular diagram that the nature of the solid phase 
is not so clearly defined it might be or as it is with the results 
for the 25^ isothermal. These disturbing factors act in rather dif- 
ferent directions according to the concentration of the solution 
being filtered and the nature of the solid phase. The Ca(OH )2 solid 
phase, owing to its fineness, necessitated the use of an asbestos pad, 
and the filtration took some time. The weaker solutions in equili- 
brium with this solid had a considerable vapour pressure, and a 
certain amount of distillation of water to the cool part of the filter- 
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itiibe and loss of moisture during the handling of the moist solid 
was unavoidable. This we feel sure is the cause of the lines on 
tbe triangular diagram for the early portions of the Ca(OH).2 
curve tending to run too much towards the CaO apex of the 
triangle. 

The more concentrated the solutions in equilibrium with calcium 
hydroxide become, the lower their vapour pressure, and the lines 
on the triangular diagram then run very closely to the point corre- 
spending with Ca(OH)2. Were there any region of solid solutions, 
as supposed by Cameron and Robinson, it would be in just about 
this region that the lines would show the greatest deviation. The 
Ca,N207,2H20 solid phase being relatively coarsely crystalline, 
filtered well, generally only requiring the perforated disk. The 
lines on the triangular diagram nearly always ran very closely to 
the correct point for Ca2N207,2H20. 

In tlie case of the Ca2N207,yH20 solid, considerable difficulty 
was scmetiines experienced. This solid tends^ to be very finely 
crystalline, and owing to this and the highly concentrated and 
viscous nature of the equilibrium solution its filtration generally 
took a considerable time. It tends, moreover, to absorb moisture, 
and this, no doubt, is the reason for the lines on the triangular 
diagram tending to run between the points corresponding with 
CajN^OjjJHgO and CaoN207,H20. At first it was thought that the 
latter hydrate could also exist at 100® but all the evidence avail- 
able is more in favour of the view that the only hydrates at 100° 
are the dihydrate and Ca2N207,JH20. A coiisiderable number of 
lines on the triangular diagram run to the point corresponding with 
the latter compound, but hardly any quite to the point for 
Ca.,N207,H20. No lines have been obtained running between the 
points for Ca2N207,JH20 and the anhydrous Ca2NoO;, so the solid 
phase can hardly bo the latter compound. At the same time it is 
none too easy to be absolutely sure about half a molecule of water, 
more or less, in the different circumstances of the experiments. 

In the isothermal for 100° given in Fig. \, fG is the portion 
corresponding with Ca (011)3 as solid phase. It will be seen that 
the maximum amount of free lime in solution is about five times 
as great as it is at 25°. 

The portion GHI corresponds with the compound Ca2N207,2H20. 
Its point of intersection with the Ca(OH)2 curve is at about 1'675 
per cent, of free calcium oxide and 57 |>€r cent, of calcium nitrate. 
At T252 per cent, of free calcium oxide and 70'6 per cent, of 
calcium nitrate it cute the curve for Ca2N,20;,'|H20. The experi- 
mental points in the region of the hydrates, Ca2N207,2H20 and 
Ca2N207,JH.20, do not fall quite as smoothly on to their respective 
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curves as could be wished.* This is partly due to slight uncertain- 
ties introduced by the '' difference method of analysis adopted, 
and also partly owing to the somewhat unfavourable conditions of 
the titrations of the free lime. Owing to the very high content 
of the solutions in calcium nitrate, great dilution was necessary in 
carrying out the titrations in order to eliminate the neutral-salt 
effect on the indicator as far as possible. This is not favourable 
to a high degree of accuracy in the titration. It seems quite 
certain that the hydrate stable at 25®, cannot exist 

at 100®, for when added to the solutions in the neighbourhood of 
point Cr it was always transformed completely into the dihydrate. 

The trihydrate and the dihydrate cannot unfortunately be dis- 
tinguished under the microscope, as the crystals have the same 
general appearance and Iiabit of growth, and evidently only differ 
very slightly. They form clear, square-ended prisms, often of a fair 
size, which show straight extinction. Sometimes the ends of tlie 
prisms are cut off obliquely. 

The compound Ca2N20;,^H20 appears entirely different, yielding 
small prisms which extinguish obliquely, but which are often so 
modified as to have a general hexagonal outline. They are fre- 
quently not very well formed, and somewhat intergrown. In such 
cases the solid phase has a granular appearance under the micro- 
scope, The half hydrate is the stable solid phase along the portion 
IK of the 100° isothermal. 

The calcium nitrate is readily distinguished by means of its 
isotropic crystals belonging to the cubical system. KL is the 
portion of the isothermal corresponding with the anhydrous normal 
nitrate. 

Stmmary. 

The nature of the solid phases capable of existing in equilibrium 
with aqueous solutions of calcium nitrate containing free lime has 
been studied at 25° and 100°. 

Only one well-defined basic nitrate, Ca2N20.^, has been found, 
which forms several hydrates. 

No series of solid solutions, Ca0,rN20;„3/Il20, such as that postu- 
lated by Cameron and Robinson (loc. exists either at 25'^ 
or 100°. 

The work described in the present paper dealing with the 25° 

* That this is not dne to the. small flacluatiojis of temperature (possibly* 
which occuired during the experiments seems to he shown by the fact that in some 
cases where the temperature was purposely kept half a degree above or below lOO"* 
during the wliole of the time that the contents of the flask w^ere leaching equilibrium, 
the experimental points did not fall off the curve to any greater extent than in the 
other experiments. 
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isothermal was carried out in the Inorganic Laboratory of the 
University of Liverpool; that dealing witli the 100*^ isothermal in 
the Chemical Department of University College, Heading. The 
platinum flask used for the experiments at 100° was lent by the 
Chemical Society, being purchased by means of a grant made for 
the purpose by the Research Fund Committee, to whom the authors 
express their thanks. 


CLXXXI . — Ionic Equilibria Across Semi-permeahle 
Membranes. 

By Frederick George Donnan and Arthur John Allmand. 

In December, 1910, a note was read by Donnan before the London 
physiological Society, in which a preliminary account was given 
of a simple thermodynamic theory of the equilibria occurring at 
either side of a membrane separating two solutions of electrolytes, 
one at least of which contains a salt to which the membrane is 
impermeable. In a later paper (Zeitsch. Elektrochem.j 1911, 17, 
572) this theory was developed and applied to various cases, and 
extended to the potential differences occurring at such a mem- 
brane. It was shown, in particular, that if on one side of the 
membrane there is a salt, CR, which cannot pass through, wliilst 
the salt CA, which can pass through tlie membrane, is in distribu- 
tion equilibrium across the membrane, then the relation 
] i = [^1ii _ \ 

[C ]ii [A'Ji 

holds good, provided the ions of the salt CA obey the laws of 
ideal solutions. The net result is that the salt CA becomes un- 
equally distributed on the two sides of the membrane. It was 
also shown, on similar assumptions, that in such a case the poten- 
tial difference between the two solutions will be given by the 
equation 

TTg — TTi — 0‘058 log A 

at 18°. In the above foriiiula it lias been assumed that the ions 
C‘ and are univalent. 

It was shown that measurements of the osmotic pressures of 
solutions of substances of the type CR in the presence of dialysable 
substances like CA would be affected by the unequal distribution 
of the latter across the semi permeable membrane. This result was 
confirmed by the experiments of Donnan and Harris (T,, 1911, 
99, 1554) on mixtures of Congo-red and sodium chloride or sodium 
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hydroxide. It lias also been confirmed by the experimental work 
of Biltz {Ztitaeh. physikal Chem., 1913, 83, 625), Bouuan also 
sliowed that, from the point of view of the membrane-potentials, 
the membrane behaves like a metallic electrode, reversible with 
respect to the cation C or the anion A. 

Measurements of the potential differences between two aqueous 
solutions of potassium ferrocyanide separated by a membrane of 
copper ferrocyanide have been made by Green.* 

The ionic relation given above has been shown to be, at all 
events, qualitatively true for Congo-red and sodium chloride by 
B. Novikov (preliminary unpublished experiments) and by Donnan 
and Harris (loc. cit.). As, however, it was deemed advisable to 
test the relation when using a better defined, non-dialysable anion 
than tiiat of Congo-red, it was jiroposed to use potassium ferro- 
cyanide and membranes of copper ferrocyanide, the dialysing salt 
being jiotassiiitti chloride. Preliminary experiments (unpublished) 
carried out by A. Makoveisky showed, again, a qualitative agree- 
ment vvitli the theory, the potassium chloride becoming concen- 
trated on the side of the membrane from wliicli ferrocyanide was 
absent. The present paper consists essentially of an account of 
more elaborate experiments made in order to test the theory more 
rigorously, and also of certain closely related potential measure- 
ment.s. 

It is desirable here to consider the theory of the distribution 
equilibrium more fully than was done in the previous papers. 
When the salt CA is in distribution equilibrium on either side of 
the membrane, the work required isothermally and reversibly to 
transfer one gram-molecule from one side to the other must be zero. 
In expressing tiiis condition mathematically, two cases must be con- 
sidered, namely, when the (binary) electrolyte is such that its 
constituents obey the laws of ideal solution, and, secondly, when 
such is not the case. We shall consider these two cases separately. 

Considering, first, the case of a simple binary electrolyte, the 
constituents of which, namely, cation, anion, and undissociated elec- 
trolyte, exhibit ideal’’ behaviour, the expression for the work re- 
quired isothermally and reversibly to transfer one gram-molecule from 

C Pi 

solution (1) to solution (2), namely, 1 vdp^ where p — osmotic pres- 

JP^ 

sure and volume occupied by one gram-molecule at temperature 
T, can be easily shown to be equal to or 2/fTlog-i--, 

» Tiie.se ex'iicriioeiJts, whieli were begun in October, 1911. were completed in April, 
1912, and will shortly he publLslieJ. Their publication has been un fortunately 
delay ed. 
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^vbere - concentration of undissociated electrolyte, concen- 
tration of cation or anion, If the two solutions are in distribution- 
equilibrium on either side of a membrane (permeable to the electro- 
lyte considered), the work as calculated above is zero, and there- 
fore 


(c„)i = (c„)2. 

Suppose, however, that on one side of the membrane there is 
present also an electrolyte with a (diffusible) cation common to the 
foregoing electrolyte, and with a iion-diffusible anion. The above 
relations then become : 


{<"11)1 ~ . ( 1 ) 

(<^k)i • (CaI] = {^idi • (^a)2 (2) 

where Ck and Cj^ denote the concentrations of the cation and anion 
respectively of the diffusible (permeable) electrolyte, and r,* the 
concentration of its undissociated part. In the more general case, 
where the constituents of the binary electrolyte, considered do not 
obey the laws of ideal solutions, the expression for the work may 

be written RTlog^"^ or wliere a denotes tlie 

function termed by G. N. Lewis the “ activity.^' 

The conditions for digtribution-equilibriuiiL then become : 


i^u\ - ( 3 ) 

~ ("k)^ ■ (^a)2 (^) 


We can experimentally test in any particular case whether the 
equations (1) and (2) are valid, using the values for the degrees 
of dissociation calculated from conductivity data. 

Tt is known that in the case of many strong electrolytes the 
activities of the ions are not proportional to tlic concentrations (as 
determined from conductivity data), and that this divergence from 
proportionality is still greater in the case of the undissociated 
parts. 

There is reason, therefore, to expect that the equations (1) and 
(2) will yield a qualitative idea of the distribution equilibrium, 
but may not yield results agreeing quantitatively with the experi- 
mental data, the divergence in the case of equation (2) being 
greater than in that of equation (1). 


Experimental. 

Tlie apparatus employed for determining the distribution ratios 
was very simple, consisting essentially of osmometer vessels, as 
used by Doiinau and Harris, only without the perforate<l silver 
plates and manometer, as no appreciable differences of pressure 
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were to be withstood or measured. The internal diameter of the 
cylindrical glass tubes was about 3*5 cm., their length 2'5 — 3’5 cm,, 
the length of the side-tubes 15 cm., and the volume of the cloeed 
apparatus up to the neck about 25-^35 c.c. The membranes (of 
copper ferrocyanide deposited in vegetable parchment) were 
separated by washers of pure caoutchouc from the edges of the 
glass cylinders, which had been carefully ground flat, the apparatus 
being thus rendered tight. The clamping frames used were nickel, 
plated, and the vessels stood in stout, cylindrical earthenware jars, 
Lntaining the second solution. This form of apparatus allows of 
the use of a large active surface of membrane, and reduces to a 
sufficiently small amount the bulk of the inside liquid which is 
to come into equilibrium with the outer fluid, 

The membranes used were prepared by turning up the edges 
of a large piece of vegetable parchment, placing it in a large 
porcelain dish containing a 7 per cent, solution of potassium ferro- 
cyanide crystals, and filling it with a 5 per cent, solution of 
copper sulpliate crystals. After remaining for two days, the solu- 
tions were poured out, the membrane washed, and the process 
repeated, the copper sulphate being this time outside, and the 
ferrocyanide solution inside, the parchment. After complete 
forination, the membrane was well washed and kept under water, 
pieces of suitable size being cut off when required. The time of 
preparation of membranes made in this way varied from two to 
seven days, Experience showed that the time of preparation of 
the jnembrane had no noticeable effect on the final equilibrium 
attained in the distribution experiments, and that after four days' 
treatment with the forming solutions very little further increase 
in thickness resulted. Two-day membranes, however, whilst 
ituperm cable to the passage of ferrocyanide, permitted of an 
appreciably more rapid attainment of equilibrium. 

The procedure adopted at the beginning of the work was to 
start azi experiment by placing a solution containing potassium 
ferrocyanide only in the outer vessel, and a solution containing 
potassium chloride only in the membrane vessel, allowing the latter 
salt gradually to diffuse out, and following the concentration 
change in the inner vessel by withdrawing 10 c.c. by means of a 
pipette and titrating with silver nitrate, and replacing sub- 
sequently the liquid abstracted by 10 c.c. of a solution of identical 
concentration. When, finally, the concentration of the inner solu- 
tion ceased to alter appreciably with time within the limits of 
experimental error, the experiment was stopped, and the solu- 
tion in the outer jar analysed. In two or three cases this pro- 
cedure was checked by starting with pure water In the inner 
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vessel, a*id with a mixture of chloride and ferrocyanide in the 
outer one, the final equilibrium concentration of the potassium 
chloride concentration in the inner vessel being deter- 
mined. With vessels of equal volume and with equal total 
amounts of water, potassium chloride, and potassium ferrocyanide 
present, the same final equilibrium state should be reached from 
both sides, and this was found to be the case. In later experi- 
ments, when we had already in advance a good idea of the final 
concentrations which would be reached with given initial con- 
ditions, the procedure was shortened by making up the potassium 
cliloride solution in the inner vessel to approximately the final 
strength expected. In the earlier experiments the membrane 
vessels were given a vertical up-and-down motion by mechanical 
means in order to effect stirring, hut it was found that the accelera- 
tion thus obtained was small, so that in the majority of the experi- 
ments the vessels were merely stirred by hand once or twice daily. 
The time taken by the single experiments varied greatly — between 
ten and forty days. The following excerpt from the experimental 
results will be sufficient to show that equilibrium was really 
obtained. The figures are c.c. of the particular standard silver 
nitrate solution used. 


Table I. 


Number of 
experiment. 

11 

5 

18-86 

7 

19-26 

Daya after starting. 

8 9 10 12 

— 1947 — 19-61 

13 14 

— 19-60 

29 

— 

— 

0-96 — M4 — 

1-34 — 

44 

5-85 

5-94 

— — 5-98 6 00 

— 5-90 

Number of 
experiment. 

11 

15 

17 

Days after starting. 

20 22 24 27 31 

34 36 

29 

44 

1-46 

1-5:1 

1-62 1-65 1-69 1-70 1-73 

1-75 1-76* 


* 1’79 when approached from side of more concentrated solulioii. 


Some little time was spent in selecting the most suitable analytical 
method for determining chloride and ferrocyanide in the same 
solution. The direct determination of ferrocyanide gave little 
trouble, results quite accurate enough for our purpose being 
obtained by titration with potassium permanganate in the preseiice 
of sulphuric acid, according to Miiller and Diefenthaler’s method 
[Zdtsch. anal. Chem., 1911, 50 , 383). The standard perman- 
ganate solutions used were approximately equivalent to about 
O'i molar potassium ferrocyanide. According to the amount of 
ferrocyanide present, 50—100 c.c. of the outer solution were 
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titrated (always in duplicate), the amount of permanganate 
required varying between 3 '5 and 15 c.c. The presence of chloride 
did not prevent sliarp end-points being obtained, except in the 
cases of experiments 19 and 20, where the ratio of chloride to 
ferroeyanide was at its highest and' most unfavourable value. In 
these cases, the odour of chlorine was distinctly apparent before 
tlie completion of the titration; otherwise the results can be re- 
garded as trustworthy to within 1 per cent., sufficiently good for 
our purpose. The degree of accuracy of the method used was 
checked by the analysis of known mixtures of chloride and ferro- 
cyanide. In order to avoid the errors inherent in an indirect 
determination of the chloride, attempts were made to determine 
it directly by distillation with excess of permanganate and 
sulphuric acid, the evolved chlorine being estimated in the usual 
way by iodide and thiosulphate. The reaction was found to be 
very slow, and only partly complete after an hour’s boiling, even 
witli magnesite in the flask to sweep out the chlorine. If, how- 
ever, small quantities of copper, cobalt, or nickel salts were added, 
the rate of reaction was very much increased. However, wlien 
soluUozis containing ferroeyanide were investigated, the speed of 
reaction was reduced to a still lower value, In some cases, only 
40 per ceut. of the chlorine had passed over when the contents of 
tlie flask liad been distilled down to a paste. In these circum- 
stances, it was decided to titrate chloride and ferroeyanide 
togetlier with silver nitrate in the presence of potassium chromate, 
thus arriving at the chloride concentration by difference. This 
procedure proved rapid and sufficiently accurate, the only case 
in wliicli we are inclined to suspect any considerable error being iu 
the imtassiuin chloride concentration of experiment 39. 

In order to test the effect of small analytical and other experi- 
mental errors on the values of the distribution ratios, ten experi- 
ments were set up, iu which approximately the same initial con- 
centrations of the substances in question were employed, and the 
equilibrium concentrations determined by the methods described. 


Table II. 


Number of 

K.FeCy^ 



[K] out 

[Cl Jin 

experiment. 

outside. 

KCl outside. 

KCl inside. 

[KJin * 

[Clj 0 at- 

1 

00192 

0-0463 

0-0527 

1-24 

1-14 

- 

0-0190 

0-0457 

0-0527 

1-23 

1-15 

3 

0-0189 

0045(> 

0-0521 

1-24 

M4 

4 

0-0189 

0-0470 

0-0534 

1-23 

1-14 

5 

0-0189 

0-0449 

0-0510 

1-25 

1-14 

6 

0-0189 

0-0471 

0-0522 

1-26 

l-ll 

7 

0-0192 

0-0463 

0-0528 

1-24 

1-14 

8 

0-0191 

0-0468 

0-0539 

1-22 

M5 

9 

0-0209 

0-0462 

0-0538 

1-25 

1-16 

10 

0-0189 

0-0468 

0-0534 

1-23 

M4 
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(Tlie number of c.c. of permanganate used for titration varied 
between 4' 7 and 5 ‘3.) The results are given in table II. 

In the above table, [K] and [Cl] indicate concentrations of total 
potassium and total chlorine respectively. 

The above result-s show that the analytical methods suffice, and 
that the errors to be expected in tlie values of the distribution 
ratios are small. It should be mentioned that, at the conclusion 
of every experiment, the liquid inside the membrane vessel was 
tested for ferrocyanide. In the first three series of experiments, 
the results of which follow, ferrocyanide could not be detected, or 
else was present in such minute traces that it could not affect the 
relations which were being investigated. Thus, traces were pre- 
sent in the inside liquids of experiments 4 and 8 of table II, but 
have obviously had no effect on the distribution ratios. Experi- 
ments 41 and 42 of the fourth series, however, were rendered 
valueless owing to the entrance of ferrocyanide, and the results 
of another series, in which the concentration of ferrocyanide in 
the outer liquid was kept higher still (namely, about O’o equiva- 
lent normal), are all useless on that account, and are therefore not 
given here. ' It is possible that a small mechanical leak was the 
cause of this phenomenon, but we are inclined to think it more 
likely that a breakdown in the mejnbrane, due to physical or 
chemical causes, was taking place; or, if one takes the view that 
the membrane is not in reality perfectly impermeable to the ferro- 
cyauide, the effect of increased ferrocyanide concentration may 
find its explanation in a very slow diffusion through the membrane. 

Another disturbing influence, which made its appearance in the 
fifth (unquoted) series of measurements, was osmosis of water out- 
wards from the membrane vessel to the strong ferrocyanide solu- 
tion in the outer vessel. This took place very slowly, if at all, in 
tlie series of measurements given in the present paper, and, under 
such conditions, can be regarded as not appreciably affecting the 
final ionic equilibrium. 


Utsults of Distrihutioii Experiments, 

Tables III — VI contain a summary of the experimental results, 
the concentrations being always given as gram-equivalents per 
litre. In each table the concentration of the ferrocyanide in the 
outer vessel is approximately constant throughout, whilst ihe con- 
centrations of the potassium chloride on both sides of the mem- 
brane increase from top to bottom. The last two columns give the 
relations between the total (not ionic) potassium and chlorine 

inside and outside, and the ratio gives a measure of the 

[Cljout 
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“ expelling " action exerted by the ferrocyanid© in the outer vessel. 
It will be noticed that the effect, which is greater the greater the 
ratio of ferrbcyanide to chloride, can become very large.^ Thus, in 
experiment 40, the concentration of chloride on the side of the 
membrane free from ferrocyanide was three times as great as on 
the other. 


Table HI. [K4FeGy6 circa O'Ol equivalent normal.] 


Kxpj'ri 

K^FeCye 

KCl 

KCl 

[KJ out 

JClJjn 

ment. 

out. 

out. 

in. 

[K] in ■ 

ClJ out 

27 

0-0086 

0-0090 

0-0131 

1-34 

l-45(?) 

28 

0-0101 

0-0098 

0-0138 

1-44 

1-41 

26 

25 

0-0100 

0-0187 

0-0225 

1-28 

1-20 

0-0093 

0-0179 

0-0213 

1-28 

M9 

24 

00091 

0-0449 

0-0487 

1-11 

1-08 

25 

00102 

0-0460 

0-0497 

M3 

1-08 

22 

00106 

0-0941 

0-0969 

1-08 

1-03 

21 

0-0087 

0-0939 

0-0962 

1-07 

1-02 

19 

0-0094 

0-2277 

0-2278 

1-04 

1-00 

20 

0-0097 

0-2280 

0-2288 

1-04 

1-00 


Table IV. [K 4 FeCye circa 

0*02 equivalent normal.] 


17 

0-0189 

0-0110 

0-0169 

1-77 

1-54 

18 

0-0185 

0-0112 

0-0178 

1-67 

1-59 

13 

0-0193 

0-0219 

0-0283 

1-46 

1-29 

U 

0-0188 

0-0231 

0-0288 

1-45 

1-25 

Mean of 1 — 10 0 0 192 

0 0463 

0-0528 

1-24 

M4 

15 

0-0197 

0-1153 

0-1210 

1-12 

1-05 

16 

0-0182 

0-1186 

0-1240 

MO 

1-05 

11 

0-0193 

0-2201 

0-2234 

1-07 

1-01 

12 

0-0185 

0-2235 

0-2280 

1-06 

1-02 


Table V. [K 4 FeCyg circa 0^05 equivalent normal.] 


29 

0-0467 

0-0084 

0-0201 

2-70 

2-39 

30 

0-0496 

0-0087 

0-0204 

2-86 

2-34 

31 

0-0468 

00161 

0-0288 

2-18 

1-79 

32 

0-0467 

0-0161 

0-0287 

2-19 

1-78 

33 

0-0488 

0-0433 

0-0576 

1-60 

1-33 

34 

0-0489 

00465 

0-0608 

1-57 

1-31 

35 

0-0483 

0-0892 

0-1026 

1-34 

1T6 

36 

0-0 ':81 

00878 

0-1010 

0-34 

1-16 

37 

0-049) 

)-2i; 

0-2388 

1-15 

1-06 

38 

0-0481 

0-2253 

02380 

1-16 

1-06 


Table VI. 

[K^FeCy^} circa 

O'l equivalent normal.] 


39 

0-0961 

00051 

00252 

4-01 

4-94{?) 

40 

0-0946 

00082 

0-0264 

3-89 

3-22 

43 

0-0974 

00437 

00686 

2-06 

1-57 

44 

0-0961 

00432 

0-0684 

2-03 

1-58 

45 

0-0983 

00888 

01162 

1-61 

1-31 

46 

0-1008 

00921 

01163 

1-66 

1-26 

47 

0-0950 

02263 

0-2538 

1-27 

M2 

48 

0-0973 

0-2210 

02513 

1-27 

M4 
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In almost every case, the ratio in column five exceeds that in 
jolumii six. In fact, so regular is this behaviour, that we are 
justified in assuming; experimental errors in experiments 27 and 
;i9, where these relations are inverted. Experiment 28 is probably 
also faulty. It is, of course, just in the experiments at the head 
of each table, where the chloride concentrations are low, that 
their determination by difference is likely to lead to multiplication 
of error. 

In order more easily to appreciate the effect of the presence of 
ferrocyanide on the distribution of the chloride, Eigs. 1 and 2 are 


Fig. 1. 



given. Eig. 1, which was drawn by graphical interpolation from 
the results of tables III— VI, gives the relation between the con- 
centrations of ferrocyanide and chloride in the outer vessel for 
various constant concentrations of chloride in the inner vessel, 
namely, 0'02, 0 05, 0‘10, 0‘15, and 0-2 normal. If the ferro- 
cyanide had no effect on the distribution ratio, the concentration 
of the chloride in the outer vessel for any given concentration of 
chloride in the inner vessel would naturally be independent of the 
concentration of the ferrocyanide — remaining, in fact, always 
equal to the concentration of the chloride in the inner vessel. The 
increasing divergence from this state of affairs with increasing 
VOL. cv. ^ ^ 
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concentatiou of ferrocyanide is clearly shown by the curves givej 
iu Fig. 1. Fig. 2 (drawn with the aid of Fig. 1), m which flit 

ratio is plotted against concentration of ferrocyanid# 

KCl inside 

for a number of constant chloride concentrations in the insi(i( 


Fig. 2. 



vessel, sliows the uneq^ual distribution of the chloride still more 
clearly, the ordinates deviating more widely from unity the greater 
the ferrocyanide concentration. 

Ill order to push this effect to extreme limits, a few experiments 
were carried out, using concentrated ferrocyanide solutions, disr 
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turbance due to osmosis being eliminated by adding sucrose to the 
weaker solution in the inner vessel. The necessary concentrations 
of sucrose were calculated from the experiments of Tammaiiii, 
and, so far as the elimination of osmosis was concerned, the results 
were quite satisfactory. All the potassium chloride was placed in 
the inner vessels at the start, the jars were stirred at intervals, 
and the concentration and volume of the inner liquids determined 
after thirty-two days, it being assumed that equilibrium was then 
attained. By measuring the volume of the outer liquids, the con- 
centration of the potassium chloride which had diffused out could 

be calculated, and rough values for the ratio obtained 

KCl outside 

Unfortunately, in most of these experiments a certain amount of 
ferrocyanide diffused inwards through the membranes, although the 
latter were freshly prepared, were very carefully put on, and were 
as dense as any previously used. Table VII contains the results. 




Table Vil. 

K^I'eCy,^ 

KCI 

KCI 

KCI in 

out. 

out. 

in. 

KCI out’ 

0-5w. 

0-007m 

0-0324/i. 

4-6 

1-On. 

0-006 

'< 0-0433 

<7-2 iS; 

1’Oh. 

0-0055 

<0-0443 

<8-0 / 

20a. 

Useless 

owing to large 

amounts of 


Romarkfl. 

No K^EeCyg hiaidc* 
amounts of 


Discussion of Distvibution Equilibria. 

Irom the above experimental data, the ionic ratios with which 
the theory deals can be calculated. For this purpose, use was 
made of the following equations (compare Sherrill, J. ,1 7ner Chun 
S(w., 1910, 32 , 742) : 


(^) J — ^ 

^ “2 

I he suf&xes 1 and 2 refer to potassium chloride and potassium 
ferrocyanide respectively. Equation (a) was used for calculating 
the degrees of dissociation in the pure potassium chloride solutions, 
and (b) and (c) for the degrees of dissociation of chloride and 
ferrocyanide respectively in the mixed solutions: a represents 
egree of dissociation, C equivalent concentration, K and n 
empirical constants, deduced from conductivity measurements, and 
Characteristic of the salts in question. In the present case, the 

6 L 2 



1952 DONKAN AND ALLMAND ; IONIC EQUlLlBKlA ACROSS 


values of K and n taken were as follows (compare Noyes, J, Anur, 
Chcm. Sac., 1908, 30, 351; Johnston, loc. cit., 1909, 31, 1010); 

A'j-2-20; ?ij-r42. 

^2 = 0 - 298 ; «2 = 1 ' 45 . 

According to these equations (which can be derived from the 
isohydric theory of Arrhenius, and have been much used and dis- 
cussed in recent years by Noyes and his collaborators), in a mix- 
ture of two salts with a common ion, each salt has a degree of 
dissociation equal to that which it has when present alone in a 
solution the ionic concentration of which is equal to that of the 
common ion in the mixture. In the present case, the assumption 
is made that the potassium ferrocyanide ionises directly to 4K' 
and FeCyg^^^^, for which assumption, although at first sight un- 
likely, the results of Johnston afford some support. 

It is necessary to solve the above equations by trial and error. 
The process, although laborious, is straightforward. The results 
of the calculations are given in tables VIII — XI (corresponding 
with tables III — VI). The columns contain, reading from left to 
right, the number of the experiment, the degrees of dissociation 
of the potassium chloride and potassium ferrocyanide in the mix- 
ture, the potassium and chloridiou concentrations in the mixture 
calculated therefrom, the degree of dissociation of the chloride aud 
the potassium and chloridiou concentrations in the inner vessel 
and, finally, the ionic distribution ratios, which, according to tlie 
simple theory, should be identical. 


Table VIIL 


Inside . 


Outside. 


Experi 

raent. 


“-i- 

[K'J. 

[crj. 

a . 

[crj. 

fK'Jout 

[K'jin’ 

[CTjm 
[Ci ]oiit 

27 

0 - 92 o 

O ' 67 

0-0141 

0-0083 

0-935 

0-0122 

M 5 

1-47 

28 

0-925 

0-66 

0-0157 

0-0091 

0-93 

0-0128 

1-23 

1'42 

2 t ) 

0'915 

0-625 

0-0234 

0-0171 

0-92 

U -0207 

1-13 

1'21 

25 

0 ' 9 i 5 

0-625 

0-545 

0-0222 

0-0164 

0-92 

0-0196 

M 3 

1-20 

24 

O ' 89 

0-0449 

0-0400 

0-89 

0-0433 

1-04 

1-08 

23 

0-89 

0-545 

00465 

0-0409 

0-89 

0-0442 

1-06 

1-08 

22 

0-86 

0-475 

0-0860 

0-0809 

0-86 

0-0833 

1-03 

1-03 

21 

0-86 

0-475 

0-0849 

0-0807 

0-86 

0-0827 

1-03 

1-02 

19 

0-815 

0-39 

0-1894 

0-1856 

0-815 

0-1857 

1-02 

1-00 

20 

0-815 

0-39 

0-1896 

0-1858 

0-815 

0-1866 

1-02 

1-00 

17 

0-92 

0-625 

0-625 

0-0219 

Table IX . 

0-0101 0-925 

0-0156 

1-40 

1*51 

18 

0-915 

0-0218 

0-0102 

0-925 

0-0165 

1-32 

1-61 

13 

O ' 905 

0-59 

0-0312 

0-0198 

0-91 

0-0257 

1-21 

1-30 

14 
i — 10 

0-905 

0-585 

0-0319 

0-0209 

0-91 

0-0262 

1-22 

1-25 

M5 

0-885 

0-53 

0-0511 

0-0410 

0-89 

0-0470 

1-09 

15 

0-85 

0-45 

0-1069 

0-0980 

0-85 

0-1028 

1-04 

1-05 

16 

0-85 

0*45 

0-1090 

0-1008 

0-85 

0-1054 

1-03 

1-05 

11 

12 

0-815 

0-39 

0-1869 

0-1794 

0-82 

0-1832 

1*02 

1-02 

0-815 

0-39 

0-1894 

0-1822 

0-815 

0-1868 

1-02 

1-02 
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Table X. 










Inside. 





Outside. 











_A 

^ 


[K-] = 

[K'lout [Criin 

Expen- 

0]. 

«2- 

[K-]. 

[Cl'j. 

o. 

[crj. 

[K-]in 

[Ci’Jout’ 

29 

0-90 

0-575 

0-0344 

0-0076 

0-92 

0-0185 

1-86 

2-45 

30 

0-90 

0-57 

0-0361 

0-0078 

0-92 

0-0188 

1-92 

2-40 

3l 

0-895 

0-56 

0-0406 

0-0144 

0-91 

0-0262 

1-55 

1-82 

32 

0-895 

0-56 

0-0405 

0-0144 

0-91 

0-0261 

1-55 

1-81 

33 

0-875 

0-51 

0-0628 

0-0379 

0-885 

0-0510 

1-23 

1-35 

34 

0-875 

0-505 

0-0654 

0-0407 

0-885 

0-0538 

1-22 

1-32 

35 

0-855 

0*46 

0-0985 

0-0763 

0-86 

0-0882 

M2 

1-16 

36 

0-855 

0-46 

0-0972 

0-0751 

0-86 

0-0869 

1-12 

1-16 

37 

0-81 

0-38 

0-2019 

0-1833 

0-815 

01946 

1-04 

1-06 

38 

0-81 

0-38 

0-2008 

0-1825 

0-815 

0-1940 

1-04 

1-06 





Table XI, 




39 

0-88 

0-525 

0-0549 

0-0045 

0-915 

0-0231 

2-38 

5-14 

40 

0-88 

0-52 

0-0564 

0 0072 

0-915 

0-0242 

2-33 

3-33 

43 

0-8G 

0-475 

0-0838 

0-0376 

0-88 

0-0604 

1-39 

1-61 

44 

0-865 

0-475 

0-0830 

0-0374 

0-88 

0-0602 

1-38 

1-61 

4,5 

0-845 

0-44 

U-1183 

0-0750 

0- 855 

0-0993 

M9 

1-32 

46 

0-84 

0-44 

0-1217 

0-0774 

0-855 

0-0994 

J-21 

1-28 

47 

0-805 

0-37 

0-2163 

0-1812 

0-81 

0-2056 

1-05 

M3 

4S 

U-81 

0-37 

0-2150 

0-1790 

0-81 

0-2035 

1-06 

M4 


It is clear, however, from the above tables that the ionic ratios 
are not equal. In tables ITT — VI the ''total potassium” ratio 
exceeded the "total chlorine” ratio; here, however, the "ionic 
potassium ” ratio is less than the " ionic chlorine ” ratio, except in 
a few experiments at the bottom of tables VIII and IX. Tf wo 
assume that the ions obey the laws of ideal solutions, two causes 
for this discrepancy might be possible. In the first place, the ionic 
concentrations deduced from conductivity data may be seriously 
incorrect, owing to the need of a correction for viscosity (Wash- 
burn, J. Amer. Chem. Soc., 1911, 33, 1462). In the present case 
this seems unlikely, since the viscosities of solutions of potassinm 
chloride and potassium ferrocyanide of the concentrations used in 
the present investigation differ very slightly from the viscosity of 
water (Reyher, Zeitsch, physikal. Chem., 1888, 2 , 744; Wagner, 
ihid., 1890, 5, 37), whereas the discrepancies to be accounted for 
are considerable. Moreover, a few experiments made with pure 
water, with a potassium chloride solution and with a mixed solu- 
tion of chloride and ferrocyanide (both solutions of the same com- 
position as the final equilibrium solutions of experiments 1 — 10), 
showed that there was nothing abnormal in the viscosity of mix- 
tures of chloride and ferrocyanide. The extreme differences in 
the values observed (the experiments were carried out with a 
Scarpa viscometer [Gazzetta, 1910, 40 , ii, 271] similar to the one 
used hy F. D. Farrow [T., 1912, 101 , 347]) did nob exceed 0‘5 per 
cent., and therefore it did not appear likely that viscosity correc- 
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tions applied to the conductivity data would lead to ionisation 
values seriously differing. from those used in the present paper. 

In the second place, it is possible that an appreciable part of 
the conductivity of potassium ferrocyanide solutions is due to 
intermediate ions; that is to say, the salt does not ionise directly 
to 4K‘ and FeCyg^^^^ but that appreciable amounts of such ions 
as KjFeCye^ K2FeCy6^^ etc., are present. As this, however, would 
make the discrepancy between the ratios greater, and not less, 
such a supposition cannot explain the divergence in question. 

The most probable explanation appears to be that the con- 
stituents of the salts do not obey the laws of ideal solutions, and 
that therefore the ionic ratios are not proportional to the activity 
ratios, which latter appear in the correct equations (see introduc- 
tion). It has been shown by A. A. Noyes, G. N. Lewis, and their 
collaborators that the undissociated part of a strong electrolyte 
deviates more from the laws of ideal solutions than the ionised 
part, Now, as was pointed out in tlie introduction, if there exists 
distribution equilibrium, then 

(uk )i • (^^cv\ = {^k )2 ‘ 

We should therefore expect in the present case that the equation 
[undissociated KCl]j = [undissociated KC1]2 
would hold less strictly than the equation 

[K-],-[Cia = [K-],-[Cl't 

The following tables, calculated from the data of tables 
VI T I — XI, show tliat this is indeed the case. Column four gives 
the ratio of the concentrations of the undissociated parts, and 
column five the ratio of the ionic products, as calculated from con- 
ductivity data. 



Un dissociated 

Table XII. 

Undissociated 

Katio of undis- 

Ionic pro 

Ixperirnf'nt. 

KCl inside. 

KCl outside. 

sociated parts. 

duct ratio. 

27 

O' 0008.7 

0-00068 

1-25 

1-28 (?) 

28 

O' 00097 

0-00074 

1-31 

1-16 

20 

0-00180 

0-00159 

M3 

1-07 

25 

0 00170 

0-00149 

1-14 

1-06 

24 

0-00536 

0 00494 

1-08 

1-04 

23 

0-00547 

0-00506 

1-08 

1-03 

22 

0-0136 

0-0132 

1-03 

1-00 

21 

0-0135 

00131 

1-02 

0-91) 

19 

0-0421 

0-0421 

1-00 

0-98 

20 

0-0423 

0-0422 

1-00 

0-98 
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Table XTIT. 



Undissociated 

Undissociated 

Ratio of undis- 

Ionic pro- 

Experiment. 

KCl inside. 

KCl outside. 

aoeiated parts. 

duct ratio. 

17 

000127 

0-00088 

1-44 

1-10 

18 

0 00134 

0-00095 

1-41 

1-22 

13 

0-00255 

000208 

1-22 

1-07 

14 

0-00259 

0-00219 

M8 

1-02 

]— 10 

0-00581 

000532 

1-09 

1-06 

16 

0-0181 

0-0173 

1-05 

1-01 

16 

0-0186 

0-0178 

1-04 

1-02 

11 

0-0402 

0-0407 

1-01 

1-00 

12 

0-0422 

0-0413 

1-02 

1-00 



Table XIV. 



29 

0-00161 

0-00084 

1-92 

1-32 

30 

0-00163 

0-00087 

1-87 

1-25 

31 

0-00259 

0-00169 

1-53 

1-17 

32 

0-00258 

0-00169 

1-53 

1-17 

33 

0-00662 

0-00541 

1-22 

MO 

34 

0-00699 

0-00581 

1-20 

1-08 

3u 

0-0144 

0-0129 

Ml 

1-04 

36 

0-0141 

0-0127 

1-11 

1-04 

37 

0-0442 

0-0430 

1-03 

1-02 

38 

0-0440 

00428 

103 

1-02 



■ Table XV. 



39 

0-00214 

0-00061 

3-51 

2-16 

40 

0-00224 

0-00098 

2-29 

1-43 

43 

0-00823 

0-00612 

1-34 

1-16 

44 

0-00821 

0-00583 

1-41 

M7 

46 

0-0168 

0-0138 

1-22 

l-ll 

46 

0-0169 

0-0147 

1-14 

1-06 

47 

0-0482 

0-0451 

1-07 

1-08 

48 

0-0478 

0-0420 

1-14 

1-08 


The divergence from unity in column four is, in general, greater 
than that in column, five. 


Electromotive Force, Measurements. 

The first series of measurements was made with the object of 
testing the theory referred to previously (Zeitsch. Elektrockem., 
1911, 17, 572). According to this theory, if there exists distri- 
bution-equilibrium in a case where the concentrations of the 
diffusible ions are unequal on either side of the membrane, then 
there must exist a potential difference between these solutions. 

If the ions obey the laws of ideal solutions, this potential differ- 
ence will be proportional to the logarithm of the ratio of the con- 
centrations of the diffusible ions. If, on the other hand, the ions 
do not obey the laws of ideal solution, thdi^otential difference will 
be proportional to the logarithm of the ratio of the activities. 



1956 DONNAN AND ALLMAXD; IONIC EQUILIBRIA ACROSS 

The first measurements were made with electrodes reversible 
with respect to the anion. It was intended, first, to use mercury 
electrodes with calomel as depolariser, as in the ordinary calonifi 
electrode, but it was found that the mercurons chloride reacted 
with the ferrocyanide, and caused disturbances. Silver electrodes 
with silver chloride as depolariser could also not be used, as, owing 
to the greater insolubility of silver ferrocyanide, the silver chloride 
was converted into the latter salt by the potassium ferrocyanide. 
As might be expected from the greater insolubility of silver iodide, 
it was found that the latter was not affected by solutions of 
potassium ferrocyanide and potassium iodide, in which the 
potassium iodide was present in amounts equivalent to the 
potassium chloride in the equilibrium solutions. This held, at all 
events, for the majority of such solutions in which the ratio o( 
ferrocyanide to iodide was not too high. It occurred to us, there- 
fore, that potassium iodide in equivalent amount might be sub 
stituted in the equilibrium mixtures for the chloride actually 
employed in the equilibrium experiments, since the ionisation- 
coefficients of these two salts are probably very similar. Accord- 
ingly, the following combination was measured; 

Ag I AgT, equilibrium solution j| Equilibrium solution, Agl I Ag 

I 1 - i 2. I 

Membrane. 

In the above combination, the at 18° due to the end 

eleolroflfis is given by the expression 0’0581ogi^\ and the 

(«r)2 

corresponding F.U.F. duo to the membrane by the expression 
0‘058 log It is clear, therefore, that if the solutions, and 

therefore the ions, are in equilibrium across the membrane, tlie 
total F.M.F. will be zero. The different combinations were 
measured in series with a standard cell. The results are contained 
in table XVI. 

Table XVI. 




EJf.F. (positive current from solution 

Number of experiment 

free from ferrocyanide to mixe<l 

in tables III — VI. 

solution outside cell) 

19 and 20 

Very small 

37 „ 

.38 

Very small 

1 w 

10 

— 1*5 millivolt 

13 „ 

14 


n „ 

18 

“4*0 

31 „ 

32 

-4-0 

t'9 „ 

30 

-95 


40 Indefinite 



SEMI-PERMEABLE MEMBRANES. 


1957 


It will be evident from these figures that the of these 

•ombinations are not zero, as would follow from the theory out- 
iiied above, if the solutions were in distribution equilibrium. The 
liscrepancies are greater the greater the ratio of ferrocyanide to 
iodide. 

In order to test this point further, experiments were made with 
electrodes reversible with respect to the cation, namely, potassion. 
For this purpose, the potassium amalgam electrodes employed by 
Tewis and Keyes (J. Amer. Chem. Soc., 1912, 34, 119) were used, 
tlie electrolytes being the same as in table XVI. The amalgam 
employed contained about O’ 2 per cent, of potassium. It was pre- 
])ared and manipulated as described by Lewis and Kraus (J, Amer. 
Chem. Soc., 1910, 32, 1459). In some cases a certain amount of 
disturbance was caused by chemical action of the electrolyte on the 
amalgam. This was generally the more marked the weaker tlie 
solutions in question, and was invariably greater in the solutions 
containing ferrocyanide. The freer, however, the surface of the 
amalgam was from gas bubbles, the more closely did the E.M.F.'s 
of the systems measured approach tlie value zero. In the last two 
experiments, where the evolution of gas tended to be strong, we 
fillowe^l the amalgam to flow out slowly and continuously, and in 
tliis way, as will be seen, were able to reduce the E.M.F. of the 
system to zero. The results of our measurements are collected in 
table XVII. It may be concluded that, in the absence of all gas 
('volution, the E.M.F.’s would be, in every case, zero. 

Table XVII. 


JiJ.M.F. (current 


Number of 

from ferrocyanitle-free 


experiment in 

solution to mixed 


tables HI. — VI. 

solution outside coll). 

Remarks. 

19—20 

“0-5 millivolt 

Slight gas evolution in 



mixed solution. 

27—38 

0-0 

No gas bubbles. 

1—10 

-10 

Very slight gas evolu- 



tion. 

1.3—14 

— 0-5 to zero 

Very slight gas evolu- 



tion. 

17—18 


Much gas evolution. 



Very variable. 

31—32 

-10 

Gas evolution. 



( Continuous flow. 

29—30 

Zero J 

Negative values 
of several milli- 

40 

Zero 

1 volts when gas 

1 evolved. 


These measurements show that, under these conditions, the mem- 
brane acts as a reversible electrode with regard to potassion, and 
that therefore the potential existing at it is proportional to the 
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logarithm of the ratio of activities of the potassion in the two 
solutions. If, however, the solutions measured were really in dis- 
tribution equilibrium, in which case the relation 
[%1-K'Ji = [arJii • [fljn 

would hold, then the E.M.F's of the combinations in table XVl 
would also be zero, which is not the case. We are driven, there- 
fore, to the conclusion that the substitution of potassium iodide 
for potassium chloride in equivalent concentration results in solu- 
tions which, although ionically equivalent, are not in distribution 
equilibrium. 

In order to settle this matter, cells of the following type were 
set up and measured : 

Potassium amalgam ] Solution I, silver iodide ) Silver 
Potassium amalgam j Solution II, silver iodide | Silver 
where solutions I and II represent a pair of those solutions, one 
containing potassium iodide alone and the other a mixture of 
potassium ferrocyanide and iodide, which we have supposed to be 
in equilibrium. The value where and are the 

electromotive forces of the two cells in question, is proportional 
to the work required isothermally and reversibly to transfer one 
gram-molecule of potassium iodide from one solution to the other. 
If the solutions are really in distribution equilibrium, this work 
will be zero, and therefore the E.M.F'^ will be equal. The results 
are contained in the following table. 


Corresponding 
experiment of 
tables III— VI. 
1—10 
17—18 
29—30 


Table XVIII. 

Mixed solution, 

E. M F. (in volts). 
1-888 

1 - 943 — 1-944 
1-935 


Iodide solution, 
(in volts). 
1 - 885 — 1-886 
1 - 938 — 1-939 
1-927 


llie inequality of the E.M.E.’s of the pairs of cells given in the 
above table, columns two and three, appears to show that the 
pairs of solutions concerned are not in equilibrium. A possible 
explanation of this is that the functional relationship between 
activity and concentration for iodidions and undissociated 
potassium iodide is not the same as for chloridions and undis- 
sociated potassium chloride. The pairs of solutions containing 
potassium iodide which we have employed in these EMJ. 
measurements will not, therefore, be in distribution equilibrium 
with regard to either potassions or iodidions. According to the 
theory given previously, the potential difference across the mem- 
brane would therefore not be expected to be proportional to the 
logarithm of the ratio of the activities of either the potassions or 
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tlie lodidions, Consccj^uently, the E.M.FJ’^ of the cells containing 
the copper ferrocyanide membrane and either a pair of potassium 
a pair of silver-silver iodide electrodes (see tables XVII and 
IXVI respectively) should not he zero. It is therefore singular 
that the of the former cells are, as the experiments show, 

in reality zero, or very nearly so. A possible explanation of this 
result is that the copper ferrocyanide membrane, owing to its 
containing, dissolved or adsorbed, a certain quantity of potassium 
ferrocyanide, acts as a reversible electrode with respect to 
potassions, irrespective of whether the solutions are in equilibrium 
or not.* If we accept this explanation, it follows at once that, in 
the present case, the membrane cells containing the pair of silver- 
silver iodide electrodes cannot show a zero E.M,F., for since 

Kja 

L " k -]2 [«!']/ 

it follows that the potential difference across the membrane cannot 
be proportional to the logarithm of the ratios of the activities of 
the iodididfs, and therefore this potential difference cannot 
equilibrate that due to the potential difference of the pair of 
silver-silver iodide electrodes. 

A rough calculation of the total E.M.F of the membrane cells 
with silver-silver iodide electrodes can he made in tlie following 
manner. 

We can write, in general. 


Ml 


L5‘]i 


where the a s denote activities and the square brackets ionic con- 
centrations, and where I and m are two unknown factors which 
are, in general, different from each other and from unity (and 
may vary with concentration). If, however, we write approxi- 
mately l=^m = \j then we can at once calculate the potential- 
difference due to the pair of silver-silver iodide electrodes from 
the ordinary simple theory, since we know the concentrations of 
the iodidions in the two solutions (assuming these to be equal to 
the concentrations of the chloridions in the equivalent equilibrium 
solutions). We can also calculate in a similar manner the 
potential-difference at the membrane, since we know from our 
experimental results that this membrane acts as a reversible 


Some support is lent to this explan atioa by certain ratlier rough measurements 
published by Beutner (/. physical Chtm^f 1918, 17, 844) .since this work W’as under- 
taken. 
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potassium electrode. The algebraic sum of these two potential 
differences will give the calculated (approximate) value of the total 
E.M.F. of the membrane cell in question, 

The following table (XIX) contains the calculated and experi- 
men tally observed 

Table XIX. 

E.M.F.'s of Membrane Cells with Ag — Agl Electrodes, 
Observed EJf,F, Calculated E,M.F 


Experiment. 

(millivolts). 

(millivolts). 

Nos. 19—20 

<1-0 

—0*5 

„ .^7— 38 

<10 

-i-0-5 

„ 1—10 

+ 1-5 

+ 1-3 

„ 1.3— U 

-l-i.a 

+ 1-2 

„ 17—18 

+ 4-5 

+ 3-6 

„ .'U— 32 

+4-5 

+ 4-0 

„ 29— .30 

! 9-5 

-f6-3 


Tlie results are not quite regular, but it will be seen that there 
is a rough agreement between llie two sets ot values.,^ 

The experimental results contained in tables XVI and XV I II 
liave been tentatively explained on tlie assumption that the substi- 
tution of potassium iodide in equivalent concentration for the 
potassium chloride of the solutions shown to be in distribution 
equilibrium produces solutions which are not in distribution equili- 
brium, because is not equal to when [^1 = [— il 

(%r)2 [I I 

This assumption admits of a further test in the following way. 
The EJI.F.’s at 18° of the cells with pairs of silver-silver iodide 
electrodes (table XVI) are given by the general formula 

is’ = 0-058 log 

Taking the of the cells with potassium amalagam aiul 

silver-silver iodide electrodes in pairs (columns two and three of 
table XV III), we must also have 

{<^K*)2* (“r)2 

and therefore F~e^^~e<y iu each case. 

Tlie results of this comparison are shown in the following table. 


Experiment. 
Nog. 1—10 
„ 17—18 

„ 29-30 


Table XX. 

E (from table XVI) 
milHvoItsi. 
in 
4r» 

9-5 


(from 

table XVIII), 
millivolts, 

S'.-) 

5-0 

8'0 
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I'he concordance of colujiins two and three of this table, although 
Derliaps not as good as might have been expected, is sufficient to 
render our explanation of the results given iu tables XVI and 
XVllI a possible one. 


Writing 





(«r)2 

u’]-; 

lud 





(«cr)2 



:lie experimental results given iu this paper enable the values of 
he ratio vi/n to be calculated in a few cases. For, comparing a 
lair of iodide— (iodide + f err ocyanide) solutions with tlie corre- 
sponding equivalent pair of chloride- (chloride + ferrocyanide) 
equilibrium solutions (iu which the chloridion-concentrations may 
supposed to be very approximately equal to the lodidioii-con- 
:entratious of the corresponding iodide solutions), we have 

(ok.\ . (Or)i ^ m («kOi • (qcr)i ^ m 
(*K ’)2 • (^I ')2 (^ k *)2 • {®ci ')2 

Hence, E --- Cj — = O' 058 log vi / n . 

Taking the means of the values of E and given in table 

XX, we arrive at the following results. 


Table XXI. 


Experiment. 

Log 7)i/n, 

m/n. 

Nos. 1—10 

0-047 

MU 

„ 17—18 

0-082 

1-208 

„ 29—30 

0-150 

1-413 


As regards the accuracy of these values of mjn, the value 14 
obtained from experiments 29 — 30 cannot be iu error by more than 
5 per cent Larger errors may, however, occur in the other values, 
where the measured E.M.FJs, were smaller. It is fairly certain, 
therefore, that the value of min calculated in this way diverges 
largely from unity. It may be observed, also, that these diverg- 
ences all occur in solutions of chloride and iodide which are dilute 
with respect to both ferrocyanide and haloid, and increase with 
the concentration of ferrocyanide. Values of mjn so divergent 
from unity appear rather improbable, so that the view expressed 
above, namely, that the iodide — (iodide + ferrocyanide) systems are 
not in distribution equilibrium, whilst the equivalent chloride - 
chloride + ferrocyanide systems are (for the reasons that the 
chloridions and iodidions deviate differently from the laws of ideal 
solutions), leads to a position which appears untenable if our 
experimental results are correct and correctly interpreted. 



1.962 IONIC equilibria across semi-permeable membranes. 

There would seem to be five possible solutions of this difficulty^ 
namely, the assumption that; (1) the equivalent chloride and 
iodide solutions differ markedly in degrees of ionisation; (2) tlie 
chloride-chloride + ferrocyanide systems are not in distribution 
equilibrium; (3) the silver-silver iodide electrodes have given 
erroneous results; (4) the analytical data of the distribution cjc- 
periments are seriously in error ; (5^ the phenomena occurring aj 
the semiperineable membrane are not as simple as supposed. 

We may exclude (1) as very unlikely, since, although the 
equivalent chloride and iodide solutions may differ to some extent 
in degree of ionisation, the differences would be too small to 
account for the observed results. We may also exclude (4), as the 
errors inherent in the analytical methods were very carefully ex- 
amined. With regard to (3), although the silver-silver iodide 
electrodes did not give quite constant results, yet the measured 
A'.Jf./'Vs could not possibly be erroneous to the extent required, 
It is very probable that the distribution results correctly represent 
the phenomena as occurring under the experimental conditions 
chosen, and therefore in this sense we may exclude (2), The 
observed deviations from the simple theory of the membrane 
action, both in the case of the distribution and the E.M.F, measure* 
ments, increase with the concentration of the ferrocyanide, so that 
assumption (5), which in a certain sense also includes (2), may be 
the correct explanation. We are, in fact, as a result of the pre- 
sent work, inclined to take this view, but further experiments 
with simpler systems will be necessary to establish it. ' Such experi- 
ments are now in progress. For example, we have some evidence, 
particularly in the case of the more concentrated ferrocyanide 
solutions, that tJie latter salt may in reality be slowly diffusing 
through, so that the conditions in the membrane itself may be 
variable and relatively complex, instead of constant and simple, 
as is supposed in the theory given in the early part of this paper.' 

Apart, however, from all these quantitative considerations, the 
definite reality of the phenomenon of unequal distribution hag 
been established beyond question by the experiments which we have 
made. It is highly probable, therefore, that phenomena of this 
class must play an important part in many physiological processes, 
and the data given in this paper suffice to exhibit the nature and 
extent of these phenomena. 

* Possibly adsorptioQ of salts by tho colloidal ferrocyanide may also be a dis* 
tiirbing factor. 
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Summary, 

(1) Experiments have been made on the distribution of 
jotassium chloride between two compartments separated by a 
jopper ferrocyanide diaphragm, one compartment of which con- 
•ained potassium ferrocyanide. 

(2) The higher concentration of potassium chloride on the side 
■ree from potassium ferrocyanide, and the relation of this unequal 
listribution to the concentration of the chloride and ferrocyanide, 
lave been experimentally established. 

(3) The results obtained agree, in general, with the view of 
nembrane equilibria proposed by Donnan, but a discussion of the 
listribution data combined with electromotive-force measure- 
nents appears to show that, at all events in the case of a copper 
errocyanide membrane and potassium ferrocyanide solutions, the 
)lienomena are not so simple as supposed in the theory mentioned. 

University of Liverpool, 

AND UNIVKBSlTy COLLEGE, LONOON. 


CLX^XIL—Some Derivatives of Safrole, 

By Bobinson Percy Poulds and Robert Robinson. 


This investigation arose from a desire to utilise for synthetical 
purposes those readily accessible aromatic substances, which, like 
safrole, eugenol, and apiole, are phenol ethers containing an allyl, 
propenyl, or, in some cases, a butenyl side-chain. The first case 
takeiL was that of safrole, and the present account is of the product 
of nitration of this substance and of certain compounds which are 
readily obtained by subsequent simple processes. 

^■Nitrosa^frole (see p. 1966 for the proof of constitution) is readily 
reduced in the usual manner, yielding S-aminosafrolef the acetyl 
derivative of which is converted by bromine into a normal 
dibromide, Acetylaminosafrole and acetyl ami nosaf role dibromide, 
■when treated with phosphoryl chloride and alcoholic potaesiuin 
hydroxide respectively, undergo transformations of the type for 
^vhich a search was being made. The nature of these reactions is 
illustrated in the schema which follow : 




/\ 

\/ 


ch,-ch:ch2 

NH-CO-CHs 


\/\/ 


CH« 


POCJy 
> 
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Cll 


CH 

/O.^^CHg’CHBfCHgBr Alcoholic koh cjj 

^NH*C0*CH3 ^ ' ^\/\/ ' 


1ji the case of the production of the iudole derivative, as also m 
that of raetliylenedioxydimethylquinoliiie, there ie obviously a 
jiioveraent of an ethylene linking from a side-chain to the ring 
The yields obtained in these processes are satisfactory, and the 
reactions are probably capable of general application, and any 
compound containing the group 


/C'Ch:ch- 


^NH-COR 


I 

/\nh-oor 


may yield a quinoline derivative on treatment with phosphory] 
chloride, or any substance containing the group 


^^CHg-C'HBr'CHaBr ^^^CHBr-CHBr-K 

I Of I 

/^NH'CO'CH, /^NH-CO-CHj 

an indole on treatment with alcoholic potassium hydroxide. 

Although safrole and ciigenyl methyl ether give very poor yields of 
the corresponding phenylacetic acids on oxidation with potassium 
permanganate, yet nitrosafrole was converted by this agent iti 
acetone solution into G-nitropiperonylacetic acid as the sole 
product: 


CH,< 


o/^CH/CHICHj 


CII <o/\cH,-CO,H 


Tlie result may perhaps be explained by a consideration of the 
distribution of affinity in the molecule of the latter substance, iu 
accordance with the views of Weimer. In the following skeleton 
formula the thickened lines represent affinities strengthened by the 
nitro-group, and it will be seen that the point of attack for further 
oxidation would most probably be between the aromatic nucleus 
and the methylene group, and, as a consequence, the molecule would 
suffer profound decomposition : 


^C-CH— COJI 


\ 

0 
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An account is also included of the preparation of piperonyl- 
■(cetylene. It is a solid melting at 42-^3"^, and is obtained by the 
action of alcoholic potassium hydroxide at 125° on bromoisosafrole, 
produced by the distillation of wosafrole di bromide. 

Experimental. 

S-Nitrosafrok, CH 2 : 02 :CcH 2 (N 02 )-Cn 2 -CH:CH 2 , 

The reaction between safrole and nitric acid is very vigorous, 
ind many unsuccessful trials were made before the following nitra- 
tion process was adopted. 

Safrole (40 grams) dissolved in glacial acetic acid (160 c.c.) was 
:ooled in a mixture of ice and salt, and nitric acid (D 1'42; 
32 grams) gradually added with constant shaking. After allowing 
:o remain for two hours, water and ether were added, and the 
’thereal solution was washed with sodium carbonate, dried, and 
waporated. On cooling in the ice-chest the hrownish-red, oily 
residue gradually ci-ystallised. Liquid impurities were removed 
:rom the product by contact with porous porcelain, and the nitro- 
^afrole was recrystallised by adding light petroleum to its concen- 
jated ethereal solution. The yield was 60 per cent, of the theoreti- 
:al. itrosajroU crystallises in pale yellow needles, which melt 
It 25°: 

0*1718 gaveO'3665 COg and 0-0706 H 2 O. C=58'l; II-4-5. 

0-1440 „ 8-4 c.c. No at 13° and 761 mm. N=-6-9. 

CjoHgO^N requires 0^58-0; H^4‘3; N-6-8 per cent. 

The substance is readily soluble in all organic solvents with the 
exception of light petroleum. It dissolves in concentrated sulphuric 
acid to a bright red solution. 

Oxidation of Nitrosafrole. Froduction of ^-Nitropiperonylacetic 
A aid. 

Nitrosafrole (9 grams) was dissolved in acetone (60 c.c.) and 
oxidised by the gradual addition of a solution of potaesium per- 
manganate (30 grams in 600 c.c. of water). The acetone was 
removed by evaporation, and the liquid filtered and acidified with 
hydrochloric acid. The cooled solution deposited yellow crystals, 
together with a small amount of tarry material. After several 
crystallisations from water with the aid of animal charcoal the acid 
was obtained in pale yellow leaflets (flat needles), rather sparingly 
soluble, even in hot water, and melting at 183°. Tlie yield of the 
acid was very satisfactory for an oxidation process; 

0-1701 gave 0-3004 CO. and 0‘0509 HgO. 0=48*0; H= 3 ' 3 . 

requires C = 48‘0; H = 3‘l per cent. 

VOL. cv. 6 >i 
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0*1237 required for neutralisation 0*00462 NaOH, whereas this 
amount of a monobasic acid, CgH^OgN, requires 0*00468 
NaOH. 

It was found impossible further to oxidise this acid to a nitro- 
piperonylic acid, since under a variety of conditions the substance 
was either recovered unchanged or converted into substances of 
very much simpler composition. The position of the *nitro-group 
was, however, established by the following observations : 

On heating strongly with glycerol, a small amount of a neutral 
substance, melting after crystallisation from methyl alcohol at 
82°, was obtained. This was evidently identical with the 6-nitro- 
piperonylmethane obtained by Angeli and Rimini (Gazzetta, 1895, 
25 , ii, 209), m. p. 83° 

But even so, the position of the nitro-group was not proved in the 
latter substance. Nitropiperonal condenses with hippuric acid in 
the normal manner in the presence of sodium acetate and acetic 
anhydride, and the condensation product on boiling with aqueous 
sodium hydroxide yields as one of the products of the decomposi- 
tion the substance melting at 82°. The melting point of a mixture 
made from the specimens derived from nitrosafrol© and from 
nitropiperonal was 82°. Nitropiperonal yields 6-nitropiperonylic 
acid on oxidation, and this acid has been converted into hydrastic 
acid, the constitution of which has been proved, 

6-i4 muumfrolt, CH 2 i 02 '.CeH 2 ’NH 2 *CH 2 ‘CH!CH 2 . 

In preparing aminosafrole it is essential to employ not much more 
than the stated quantities in any one operation, Nitrceafrole 
(5 grams), together with concentrated- hydrochloric acid (20 c.c.) 
and granulated tin (12 grams), was heated on a boiling-water bath, 
and the reaction not checked in any way. When the reduction was 
finished (several such experiments were combined) the solution was 
diluted with water, and rendered strongly alkaline by means of 
sodium hydroxide. The amine was extracted with ether, the dried 
ethereal solution evaporated, and the residue distilled under dimin- 
ished pressure. In this first distillation frothing was troublesome, 
and everything which passed over above 120°/15 mm. was collected. 
The substance was again distilled under the same pressure, and the 
fraction 160 170° collected. This was diluted with dry ether, and 
the solution allowed to remain some hours in the ice-chest, when a 
colourless, crystalline compound separated, and was removed by 
filtration. The ethereal solution was again distilled, and the pure 
amine obtained as a colourless oil boiling at 168°/15 mm.: 

0*1280 gave 0*3174 COg and 0*0735 HgO. C=67*6; H = 6’4. 

requires C = 67*8; H = 6*2 per cent. 



SOME DERIVATIVES OF SAFROLE. 


1967 


e-i minosajrole crystallises when cooled in a freezing mixture, but 
bielts again on approaching the ordinary temperature. On exposure 
io air the colourless oil gradually becomes converted into a black, 
tarry majs. The base is readily soluble in organic solvents, and to 
^me extent in water, but is only to a small extent volatile in 
steam. Its salts are sparingly soluble; the hydrochloride crystal- 
lises from water in colourless needles, and the sulphate is sparingly 
soluble in alcoholf and may be used for the purification of the 
amine. G-Aminosafrole in aqueous suspension gives an intense 
violet coloration and precipitates with ferric chloride in the cold, 
while on boiling the precipitate turns brown, and the steam 
contains a substance with an odour of p-benzoquiuone. 

Safroleazo-^-^aphthol . — The base may be quantitatively diazo- 
tised, and the diazonium chloride is rather stable, and not quickly 
decoinpoeed on boiling the solution. With jS-iiaphthol and sodium 
acetate an azo-dye is produced, and separates from acetic acid in 
deep crimson, flat needles, with green metallic reflex, melting at 

— 167°. This colouring matter dissolves in sulphuric acid to 
an intense blue solution. When a solution of safrolediazonium 
sbloride was warmed with alkaline stannous chloride the odour of 
safrole became apparent. 

^^Acetylaminosafrole, CH 2 : 02 -C 6 H 2 (NH-C 0 -CH 3 )-CH 2 -CH:CH 2 . 
—This derivative is readily obtained by mixing equal volumes of 
the base and acetic anhydride, when heat is developed and the mass 
becomes solid. After decomposing the excess of acetic anhydride by 
water, the substance was collected, and crystallised from methyl 
alcohol, being so obtained in slender, colourless needles melting 
at 163°: 

01778 gave 0*4278 COg and 0*1018 HgO. C-GS G; H = 6'3. 

CJ 2 HJ 3 O 3 N requires C = 65’75; H = 5‘9 per cent. 

The substance is sparingly soluble in alcohol, and crystallises with 
readiness, so that in its preparation it is unnecessary to purify the 
amine as described above, the crude oil being simply mixed with 
acetic anhydride. 


A cetylaminosafrole Dibromide, 

CH2:02:C6H2(NH-C0*CH3)*CH2*CHBr*CH2Br. 

This compound is conveniently obtained under the following con- 
ditions: Acetylaminoeafrole (5 grams) was dissolved in hot chloro- 
form (30 C.C.), and the solution cooled with stirring so as to obtain 
the crystals, which separate in a fine state of division, A solution 
of bromine (3*7 grams) in chloroform (2*5 c.c.) was then gradually 
added. The acetylamino-compound dissolved, and the dibromide 
crystallised out, and, when the reaction appeared to be complete, 

6 M 2 
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wfis collected. A further quantity wae obtained by evaporation 
of the solvent and treatment of the residue with methyl alcohol. 
It was found that even when an excess of the solution of bromine 
in chloroform was employed no compound other than the dibromiflg 
was obtained. The derivative was crystallised from ethyl alcohol, 
and obtained in characteristically slender needles, quite colourless, 
and melting at 191^. It is sparingly soluble in alcohol, ether, or 
chloroform : 

0 1239 gave 0T254 AgBr. Br=42-2. 

C, 2 Hi 303 NBr 2 requires Br=:42-9 per cent. 

By-product ohiained in the E eduction of ^-Nitrosafrole . — This sub- 
stance, as already mentioned above, was separated from the twice- 
distilled O aminoeafrole by taking advantage of its sparing solu- 
bility in ether. It was crystallised by solution in methyl alcohol, 
in which it is readily soluble in the cold, and precipitation with 
ether. The colourless needles melted and decomposed at 215'^. 
Unfortunately, the quantity obtained was too small to enable us to 
make a satisfactory examination of the composition of the sub- 
stance, but it is neutral, and imparts an orange colour to a pice- 
shaving moistened with hydrochloric acid. This would seem to 
involve the occurrence of an indole nucleus in its molecule, 
although, on the other hand, tlie compound yielded no coloration 
with ^/-dimethylaminobenzaldehyde. 

t) : 1 -Melhylentdwxy-^ '.Z-dimethylquinolinCj 
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This base k obtained by treatment of acetyl a ininosaf role with 
phosphoryl chloride under the following simple conditions: The 
amide (5 grams) was heated with phosphoryl chloride (20 c.c.) until 
the vigorous reaction set in. This was allowed to end without 
further heating, and the mixture was then boiled for five minutes. 
The product was decomposed by water, when all but a small residue 
remained in the yellow solution. The filtered liquid was basified 
with ammonia and extracted with ether, and the ethereal solution 
washed, dried, and evaporated. The residual base could not be 
.induced to crystallise, and was therefore dissolved in acetone 
(15 c.c.) and mixed with a solution of picric acid (5 grams) in the 
same solvent (15 c.c.), after which the picratef which crystallised 
in prisms, was collected and re crystallised from acetone, The 
canary-yellow substance darkens, when heated, at 165°, and then 
melts and decomposes at 170°: 
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0*2118 gave 22'0 c.c. N 2 afc 15° and 758 min. N = 13'4. 

requires N = 13*0 per cent. 

The pure picrate was decomposed by means of aqueous potassium 
|;-(lroxide in the presence of ether, the ethereal solution being 
repeatedly washed with dilute alkali in order to remove the last 
traces of picric acid. The liquid, which exhibited intense green 
fluorescence, was dried by solid sodium hydroxide, filtered, and the 
solvent removed by distillation. The pale yellow oil did not 
fryetallise, and after drying in a vacuum gave the following analyti- 
cal results: 

0*1431 gave 0*3733 COg and 0*0720 II^O, C-71*l; n-5*6. 

C]2Hii 02^ requires C = 71‘6; H = 5'5 per cent. 

This substance had all the chemical properties associated witli 
quinoline derivatives, and condensation reactions similar to those 
of quinaldine were observed with benzaldehyde and phthalic anhy- 
dride. It is not affected hy nitrous acid, and its salts, namely, the 
^iilphate, hydrochlorklej and acetate^ are readily soluble in water. 
Sparingly soluble prccipitate.s are obtained when its solutioji in 
dilute hydrochloric acid is mixed with platinic chloride, mercuric 
chloride, or concentrated ferric chloride solutions. 



G-Acetylaminosafrole dibromide (10 grams) was boiled with ethyl 
alcohol (100 c.c.) and potassium hydroxide (40 c.c, of a 50 per cent, 
aqueous solution) during a quarter of an hour. After dilution with 
water the substance gradually crystallised from the milky liquid, 
and was collected and recrystallised from methyl alcohol, and then 
fronr light petroleum (b. p. 50 — 60°), being so obtained in colourless 
needles melting at 152°; 

0-1218 gave 0*3047 CO.^ and 0-0568 HgO, 0-68*2^ H-5-2, 
Cjj^HgOgN requires C — 68-6; H — S'l per cent. 

The compound is readily soluble in organic solvents with the 
exception of light petroleum, in which even when hot it is sparingly 
soluble. It dissolves in concentrated hydrochloric acid, but the salt 
IS dissociated by water, and the indole derivative is precipitated. 
In its colour reactions it shows the greatest similarity to 2-methyl* 
indole. A pine-shaving in an alcoholic hydrochloric acid solution 
of the substance acquires an intense crimson colour, and a similar 
shade is produced in quite dilute acid solution with ; 7 -dimethyI- 
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aminobeuzaldehyde'. Th« picrate forms intensely red eolutions, but 
consists in the solid state of yellow needles, whilst the benzyliden^ 
derivative, prepared analogously to that of 2-niethylindole, yields 3 
rosindole on treatment with ferric chloride in alcoholic or acetic 
acid solution. 

A nhydrocoiarnine-b ; ^-methylenedioxy~%methylind6lej 

c,h„ 03 -ch-c— c,H,:o,:cH, 

CjH, — NMo Cile-NH 

Cotarnine (3 grams) and 5 : 6-iaethylenedioxy-2-methylindole 
(4 grams) were dissolved in ethyl alcohol (15 c.c.), and the mixture 
allowed to remain overnight. The crystals which had separated 
were collected and recrystallised from ethyl alcohol, in which the 
substance is sparingly soluble. The colourless needles melted at 
130 — 135^ with evolution of gas, which appeared to he derived from 
solvent of crystallisation. The substance was again crystallised 
from benzene, and obtained in satiny needles, which after exposure 
to a vacuum for several hours melted and decomposed at 207'^ with 
previous reddening : 

0T149 gave 0*2832 CO2 and 0*0584 B.,0, C = 67*2; H = 57. 

C22H22O5N2 requires C-67*0;H = 5*6 per cent. 

The substance is readily soluble in benzene, chloroform, or 
acetone, but sparingly so in alcohol or light petroleum. It yields a 
sparingly soluble hydrochloride and yellow jhcrote, but ig readily 
soluble in dilute aqueous acetic acid, and is recovered unchanged 
from the cold solution on the addition of ammonia. When, however, 
the solution of the base in gla,cial or dilute acetic amd is boiled, 
cotarninium acetate and 5 : 6-m ethylene dioxy-2-methylindoIe are 
produced. In cold aqueous alcoholic hydrochloric acid solution no 
coloration is observed on the addition of p-dimethylaminobeiu,- 
aldehyde, whereas, on warming, the characteristic magenta colour 
quickly appears, and this reaction must be ascribed to an hydro- 
lysis similar to that which is caused by hot acetic acid. It follows 
that the active hydrogen atom which is involved in the condensa- 
tion of the original indole derivative with cotarnine is also that 
which is responsible for the colour reaction with p-dimethylamino 
benzaldehyde. Very numerous observations indicate that it is the 
^-position in the pyrrole ring which is attacked by aldehydes, and 
we have therefore adapted the constitution shown at the head of 
the section for our condensation product. Moreover, we have hecu 
unable to isolate any definite product resulting from the condensa- 
tion of cotarnine and 2 : S-dimethylindole. Anhydrocotamine-2- 
methylindole was prepared by Hope and Robinson (T., 1913, 103, 
361), and the opinion was expressed that the cotarnine residue had 
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become attaclied to the imiuo-group. It seems more probable, how- 
ever, that the constitution of the substance is correctly represented 
by an expression analogous to that chosen for its methylenedioxy- 
cierivative. 


i^oSorffole Dihvomidc <ind BTOMoisosafrolCy 

CH^iOgtCeHa-CHBr-CHBr-CHa and 

CHatOgtCcHs'CBrlCH-CHg or 

CH2:02:C6H3*CH:CBr-CH3, 

There is some confusion in the literature in regard to the action 
of bromine on ?i'osafrole. We find that bromination in carbon 
disulphide solution proceeds normally to the dibroraide, which on 
distillation loses a molecule of hydrogen bromide ; whilst an excess 
of bromine in chloroform solution leads to the production of a 
bromowosafrole dibromide, which has one of the bromine atoms in 
the aromatic ring. 

iso Saf role (10 grams) in carbon disulphide (16 grams) was treated 
with a solution of bromine in twice its volume of carbon disulphide 
until the bromine was no longer absorbed. After the removal of 
the solvent by distillation, the residual oil was washed in ethereal 
solution with aqueous sodium carbonate, dried, and the ether eva- 
porated, after which the oil was exposed to a vacuum and analysed. 
A bromine estimation (Found, Br = 46-4) showed that the main 
constituent of this product was ?‘sosafrole dibromide (Br=49-7 per 
cent.). This cnide dihromide was distilled under diminished pres- 
sure, when hydrogen bromide was evolved, and a more mobile oil, 
hmmoisosafroley boiling at 145— 150°/ 15 mm., was obtained : 

0‘2218 gave 0*1721 AgBr. Br = 33‘0. 

CioHgOgBr requires Br = 33*2 per cent. 


Piperonylallyleney CH 


^o/\ciC-CH, 

2<-ol j 


Monobromoisosafrole (9 grams) was heated during two and a-half 
hours with methyl alcohol (14 c.c.) and powdered potassium hydr- 
oxide (7-5 grams) at 125°. The product, when cold, was poured 
into water, and the whole extracted with ether. The dried ethereal 
solution was then d,istilled, and the following fractions collected: 
(a) up to 141°, (6) 141°, (c) 141 — 150°; (h) consisted of the pure 
acetylene derivative, and crystallised completely, whilst (a) and (c) 
also yielded crystals, especially when these fractions were cooled in 
a freezing mixture. The crystals were freed from oily impurities by 
contact with porous porcelain, and crystallised from light petroleum 



1972 SINGH 1 STUDIES IN SUBSTITUTED QUATERNARY AZONlUif 

(b. p. 50 — 60°). The substance was obtained in this way in colour, 
less prisms melting at 42 — 43° : 

0 1249 gave 0'3413 CO., and 0 0584 HgO. C = 74-5; H=5'2. 

C]oH^ 02 requires C— 75‘0; H = 5'0 per cent. 

riparonylallylene is very readily soluble in organic solvents, and 
dissolves quite readily in boiling light petroleum. It has an odour 
strongly resembling that of safrole, and is to a small extent volatile 
in steam. It dissolves in sulphuric acid, yielding an intense purple 
solution, from which water precipitates a voluminous blue sub- 
stance. This interesting change is apparently quantitative and 
simple, but we can offer no suggestion as to the nature of tlie 
reaction. 

3 : i-Methylenedioxypropiopheiione, CHoiOgiCeHg’CO'CHg’CH., 
which has already been prepared by Wallach and Pond 189,'), 
28 , 2719), is readily obtained when piperonylallylene (5 grams) is 
boiled with ethyl alcohol (60 c.c.), water (60 c.c.), and sulphuric 
acid (20 c.c.) for three hours. The residue, obtained after extrac- 
tion witli ether and evaporation of the solvent, crystallised after 
sojiie time. The substance was crystallised from ice-cold alcohol 
containing a little water, and the satiny needles so obtained melted 
at 38° (Wallach and Pond, loc. cit., give 39°). The oxide was also 
prepared and crystallised from ether; it was found, to melt, as 
stated by Wallach and Pond, at 104°. 

The UNiVKRsiTiKa or Maxchrsfer and Sydney. 


CLXXXIII . — Studies in Substituted Quaternary Azonium 
Compounds Containing an Asymmetric Nitrogen 
Atom. Part IL ResohUion of Phenylhenzylmethyb 
azomum Iodide into Optically Active Components. 

By Bawa Kartar Singh. 

In the present paper the resolution of another enantiomorphous 
compound the optical activity of which is due to the. presence of an 
asymmetric nitrogen atom is described. The author has already 
shown (T., 1913, 103 , 604) that phenylmetliyl ethyl azonium iodide 
is capable of resolution, but as the value of the molecular rotatory 
power of the phenylmetbylethylazonium ion is low, it was thought 
til at it would be desirable to extend this new series, 
RiR2R3XN'NH2, 
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y the resolution of other membera pos6es,aiiig high rotation con- 
Lanfcs^ thereby also accumulating data connecting constitution with 

tical rotatory power. With this object the resolution of phenyl- 
lenzylnietbylazonium iodide was undertaken. 

The azonium iodide referred to above was produced in two 
liferent ways, namely, by the action of methyl iodide on phenyl- 
tenzylhydrazine and of benzyl iodide on phenylme thy 1 hydrazine, 
’’he asymmetric azonium iodide was the main product of both the 
eactioiis, besides small amounts of by-products which were formed 
,wing to substitution having taken place. 

It may be suggested that phenylbenzylmethylazonium iodide 
nay dissociate into the three secondary hydrazines, the formation 
,f which is possible, namely, phenylmethyihydrazine, benzylmethyl- 
lydrazine, and phenylbenzylhydrazine, and the corresponding alkyl 
odicles, and these combinations, in turn, are capable of giving rise 

0 different substituted azonium iodides having two similar radicles, 
)ut that in the action of benzyl iodide on phenylmethyihydrazine, 
imler the experimental conditions, h e nzy Id i methyl azonium iodide 
s the only by-product. 

Other instances of displacement of alkyl groups similar to the 
ibove have been recorded in the cases of the quaternary ammonium 
jornpounds (Pope and Read, T., 1912, 101, 519; Jones, T., 1903, 
J3, 1403; 1905, 87, 1721; and Wedekind, Ber., 1905, 38, 438), 
IS well as in those of sulphonium compounds (Dehn, Anmlen 
^uppl.t 4 , 83). 

The thermal decomposition of phenylbenzylmethylazonium hydr- 
)xide has also been studied. It is found that in 'aqueous alcoholic 
iolution the azonium hydroxide decomposes on heating at the 
:emp€rature of the water-bath into phenylbenzylhydrazine and 
netliyl alcohol. The secondary hydrazine was identified as its 
lydroferrocyanide, and in this connexion it may be mentioned that 

1 general method for the identification of secondary liydrazines 
by means of their hydroferrocyanidcs is developed. These com- 
pounds have not hitherto been investigated, and in order to 
establish their composition they were directly prepared for this 
purpose. 

Hesokftion. — The resolution of phenylbenzylmethylazonium iodide 
was effected by means of Key cider’s silver i/-camphor-j3-sulphonate, 
and Armstrong and Lowry ’s silver ^7-a-bromocamphor i3-sulphoiiate 
(T., 1902, 81, 1441). The hydrogen «?-tartrate could only be 
obtained as an oil, which could not be crystallised. 

Pope and Read recognised (T., 1910, 97, 987) that three cases 
may occur when an externally compensated base is crystallised with 
an optically active acid : (1) the two salts, il^dA and /Bt7A, crystal- 
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lise separately, bo that each may be readily isolated; (2) a partly 
racemic compound, may be formed, in which case resolu. 

tion is impossible; (3) each crystal which separates may contain 
both salts, dMB and <^A/B, but in varying proportions; in other 
words, the two salts form solid solutions one in the other, which can 
only be partly separated by prolonged fractional crystallisation, 
Type 3 is well illustrated in the cryststllisation of externally com- 
pensated sodium 1 -methyl cyc/ohexylidene-4-aoetate with brucine 
hydrochloride (Perkin, Pope, and Wallach, T., 1909, 96, 1790; 
Pope and Read, T., 1910, 97, 987), and similar behaviour is met 
with in the cases of the camphor-j3-eulphonate and a-bromocamphor- 
jS sulphonate of phenyibenzylmethylazonium. In the case of the 
camphorsulphonate, when about one-sixth of the salt dKd^ (melt 
ing point 177*^) has separated out in an almost pure condition (see 
experiment 1, p. 1980), the next fractions exhibit molecular rotatorv 
powers, +36'4® and -f- 28*57®; these, therefore, consist of 43*9 and 
40*6 per cent, respectively of dAd^ salt, the rest being made np 
of the I'&dA component. In the second experiment with the same 
salt (see p. 1980) about oiie-eightb of the salt dBdA separates out 
in an almost pure condition. The last fractions exhibit molecular 
rotatory powers, -f-34*5® and +30*9®, and, therefore, «)nsist of the 
two salts dAdB, dAlh, in the form of their solid solutions one in 
the other, containing 43 and 41*5 per cent, of the dBdh component 
respectively. The points bearing on the lowering of the meltini? 
point obtained in experiments 1 and 2 may be considered aj; 
follows : 

As the amount of the salt IBdA increases in the solid solution, 
the melting point falls to 172—173° and 168 — 169®, having values 
for [M]„ +36*4® and +34*5®, thus containing 43*9 and 43 per cent, 
of the salt ^7B^/A. The melting point again rises to 171® with 
[M]j, +28*57®, and thus containing 40*6 per cent, of the salt 
This, therefore, suggests that the eutectic mixture of the two salts 
above referred to melts in the neighbourhood of 167 — 168®, and 
thus consists of about 41*5 per cent, of the salt dBdk and 58*5 per 
cent, of ^Bc^A. 

In the case of the bromocampliorsulphonate about one-third of 
tlie salt r/Bf/A separates out in an almost pure condition. The next 
fractions which are obtained have molecular rotatory powers rang- 
ing from +247® to +261®. Further crystallisations in different 
solvents and at lower temperature do not bring about any appre- 
ciable resolution. From this it must be concluded that the two 
component salts have here also formed solid solutions one in the 
other. The pure dB(fA salt melts at 197®, and as the amount 
of component increases in the solid solution, the melt- 
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ng point falls to 175 — 178° with [Mjj, 4 325*1°, and thus 
-onsisting of about 53' 6 per cent, of the salt and 46 '4 per 

>ent of tho salt ZB^A. The original unresolved salt consisting of 
)0 per cent, of each component melts at 173 — 175°. The melting 
3 oint further falls to 165—166° with +261-5° thus consisting 
jf about 2r5 per cent, of the salt d^dA. and 78'5 per cent, of the 
^alt /BtfA. It again rises to 167 — 168° with [M]jj +253-5°, thus 
corresponding with about 17-4 per cent, of the salt dBdA and 82*6 
per cent, of IBdA. It follows, from the above, that tbe eutectic 
mixture melts in the neighbourhood of 165 — 166°. 

It has been pointed out above that the first fractions of highest 
melting point represent the d^dK components in the pure state. 
Tills statement is further supported by the fact that the <Z-picrates 
abtained from the camphorsulphonate and the bromocamphor 
sulphonate give identical values for the molecular rotatory power, 
thus indicating that complete resolution has taken place in the case 
of the first fractions. In this connexion it may be pointed out 
that in view of the difficulties which are experienced in resolving 
externally compensated compounds, the importance of working 
with more than one optically active salt for resolution cannot be 
over-estimated. This need, becomes still more apparent when it is 
remembered that there is no quantitative relation connecting optical 
rotation constants with constitution. 

The tZ-jS-camphorsulphonate gives the maximum molecular rota- 
tory power for the ^7-phenylbenzyl methyl azonium ion, 
C7H7*NMePh(NH2)‘, 

as [M]u about +119° in aqueous solution; the cZ-a-bromocamphor- 
^-sulphonate as about 4 99°, the ^7-iodide as about +98°, both in 
methyl alcohol ; and the rZ-picrate as about + 89° in methyl alcohol, 
and about +254° in chloroform solution. These values present a 
very marked contrast to the maximum rotation constant for the 
/-phenylmethylethylazonium ion as [M]^ about —30° (Joe, cit.y It 
may, therefore, he inferred that the ethyl group has a great inhi- 
biting effect on the value of the rotation constant, and this conclu- 
sion becomes strengthened when a similar comparison is made in 
the case of the quaternary asymmetric ammonium compounds. The 
ethyl compound of the phenylbenzylmethylammonium series has for 
the asymmetric ammonium ion [Mjj, about +64°, the propyl and 
the Mopropyl compounds have — 299° and — 398° respectively. In 
the phenylmethy I ally 1 ammonium series the ethyl compound gives 
for tho basic ion, [M]j, +16°, and the n-propyl and the isopropyl 
compounds give [M]d +106° and -103° respectively. Yet in 
another class of compounds, namely, those investigated by Meisen- 
heimer, the value of [M]d f°3^ hydroxyphenylmethylethylammonium 
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chloride, OH'NMeEfcPhCl {Ber., 1908, 41 , 3966), and for hydroxy, 
^-naphtliylmethylethylaminoiiiuni hydroxide, 

Ci,|H7*NMeEt:0,3H20 

(Annuhn, 1911, 385 , 117) is only and 39° respectively. The 
above coinpari.son clearly points to a constitutive effect, which is 
conditioned to some extent at least by the presence of an ethyl 
group in the molecule. 

No muta rotation has been observed in the case of the compounds 
described in the present paper, either on keeping or on heating 
their solutions. This is the more remarkable as solutions of the 
salts of phenylmethylethylazoniura undergo inversion on keeping 
(loc. dt.). The influence of solvents on the rotation constants of 
phenylbenzylmethylazonium salts is very marked. The molecular 
rotatory power is almost three times as great in chloroform as in 
methyl aleoliol or acetone. 

The ('//-salts have, in all the cases examined, higher melting points 
til an the corresponding r/-salts, Tt may, therefore, he concluded 
that they are not r/Z-niixtures (conglomeratee), although the question 
as to whether they are racemic compounds or pseudo-racemic mixed 
crystals is left open. 

Experimental, 

Phtiiylhemylmeihyhsonmm Iodide^ CjH^'NMePhl'NHr,. 

This substance was prepared by two different methods: 

{a) By the Action of Methyl Iodide on Phenylbenzylhydrazine.— 
Phenylbenzylhydrazine ' (20 grams) was mixed with one molecular 
proportion of methyl iodide (15 grams) in the presence of a little 
ether’ the mixture was cooled in ice, and the white, crystalline 
substance which separated overnight (10-2 grams), on re crystal- 
lisation from hot alcohol, melted and decomposed at 122°. 

The mother liquor, on keeping for ten days, deposited a very 
small quantity of a crystalline material (about O' 2 gram), which 
after recrystallisation from alcohol and ether melted and decom- 
posed at 186—187°: 

0-2077 gave 0*1857 Agl. 1=48*31. 

The substance cannot be phenyldimethylazonium iodide (which 
requires 1=48' 1 per cent.), for the latter melts and decomposes 
at 126 — 127°, as is shown below. 

(b) By the Action of Benzyl Iodide on Phetiyhneihylhydrazine.— 
An ice-cold ethereal solution of phenylmethylhydrazine (25 grams) 
was added to one molecular proportion of an ethereal solution of 
benzyl iodide (45 grams), also cooled in ice. The crude product 
(34 5 grams), after recrystallisation from hot alcohol, melted and 
decomposed at 122°. Tlie azonium iodide turns red a few degrees 
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below its melting point. A mixture of the azonium iodide obtained 
by the two different methods gave the same melting point; the 
second method of preparation gave much the better yield. It is 
soluble in methyl alcohol or acetone, less so in etliyl alcohol or 
chloroform, very sparingly so in cold water, and insoluble in 
benzene or ether : 

0-3837 gave 0-2650 Agl. 1 = 37-32. 

0-2189 „ 0-3990 CO„ 0-1077 H.O, and 0-0816 I (by Denn- 
stedt's method). C=49-7; 11 = 5-44; 1=37-28, 

C14H17N2I requires 0=49 4; H = 5-0; 1=37-35 per cent. 

It may be pointed' out that the cooling and dilution of the 
reaction mixture with ether are both essential for the formation 
of the quaternary azonium iodide. If they are omitted, the 
reaction becomes very violent owing to rise of temperature with 
copious evolution of irritating vapours of benzyl iodide. Only a 
dark, tarry product remains behind, from which no crystalline 
substance can be isolated. 

The mother liquor from the action of benzyl iodide on phenyh 
methylhydrazine yielded a small, crystalline crop (2-3 grams) of 
higher melting point. It wae recrystallised three times from hot 
alcohol, and melted and decomposed at 125°. This salt does not 
turn red below its melting point, but only acquires a yellow colour ; 

0-1359 gave 0-1947 COjj and 0 0680 H^O. C=39 07; H = 5-56, 

01165 „ 9-9 c.c. N2 (moist) at 27° and 761-6 mm. N = 9-45 

0-1750 „ 0-1479 Agl. 1 = 45-67. 

requires C=38-84; H = 5-4; N = 10-07; 1=45*61 per cent. 

The above analytical data agree with those for henzyldimdhyl- 
azonium iodide. 

A\4dicnylhemzylmtthylazonium chloridt crystallises in thin, 
colourless prisms, which melt and decompose at 158—159°. It is 
very readily soluble in water or alcohol, but insoluble in bejizene 
or ether : 

0-39655 gave 0-23015 AgCl. Cl = 14-36. 

C14H17N2CI requires Cl = 14*28 per cent. 

The corresponding 'platinichloride crystallises from boiling water 
acidified with hydrochloric acid in orange-coloured needles melting 
and decomposing at 162°. It is insoluble in cold water, as well 
as in organic solvents, bub dissolves in much boiling water : 

0-2182 gave 0*0507 Pt. Pt = 23*23. 

(^1^7^2)2^^016 requires Pt = 23-40 per cent. 

I he aurichloride is almost insoluble in cold water, but dissolves 
in boiling water, from which solvent, in the presence of hydrochloric 



1978 SINGH: STUDIES IN SUBSTITUTED QUATERNARY AZONIUm 


acid, it separates in yellow, stout prisms, melting and decomposing 
at 134°: 

0'2151 gave 0-07715 Au. Au=35-87. 

C14H17N2AUCI4 requires Au=^35'71 per cent. 

The hydroferrocya-uide, (C7H7*NMePh*NH2)3,H5Fe(CN)22, is 
almost insoluble in water or organic solvents, and is obtained as a 
white precipitate by mixing aqueous solutions of potassium ferro- 
cyanide and the azonium chloride in the presence of a mineral 
acid. It does not melt, but decomposes gradually on heating. Iq 
composition it corresponds with an acid salt: 

0-3404 gave 0*0531 Fe^Og. Fo=10*9. 

C^jHjgNjgFe requires Fe= 10*46 per cent. 

The hydroferricyamde^ (C7H7*NMePh‘NH2)2,HFe(CN)g, h 
soluble in water or methyl alcohol, insoluble in chloroform or ether, 
and crystallises in yellow prisms, which melt and decompose at 
140°. In composition it also corresponds with an acid salt: 

0-3006 gave 0*0379 FcgOg. Fe = 8*81. 

0 0684 „ 12’9 c.c. No (moist) at 23*5° and 763 mm. N = 2i'29, 

Cg^HgjNjoFe requires F6~8’74; N=21‘92 per cent. 

^3iH35NjyFe,H20 requires Fe=8*5; N“21-31 per cent. 

As the salt, on keeping in the steam-oven, undergoes decomposi- 
tion with change of colour, its water of crystallisation could not be 
directly determined. 

d\-Pht?iylbe7izylmethylazo7iium M ercuri-iodides, 

I. (C7H7'NMePhI’NH2)2,Hgl2, prepared from the azonium 
iodide and mercuric iodide (one-half molecular proportion), crystal- 
lises from methyl alcohol in colourless prisms, melting and decom- 
posing at 135 — 136° to a green liquid. It is very readily soluble 
in acetone, moderately so in methyl alcohol, sparingly so in cold 
alcohol, but more so in hot, and is insoluble in ether or water : 

0*2765 gave 11-65 c.c. No (moist) at 22° and 765*6 mm. N = 4'81. 

C23H34N4l4Hg requires N=4-94 per cent. 

II. C7H7‘NMePhI*NH2,Hgl2, prepared from one molecular pro- 
portion of mercuric iodide, separates from alcohol in yellow prisms, 
melting and decomposing at 128—129° to a green liquid. It is 
very readily soluble in acetone or methyl alcohol, sparingly so in 
ethyl alcohol, and insoluble in ether, chloroform, or water: 

0*1725 gave 5‘6 c.c. Ng (moist) at 24° and 762*8 mm. N=3-66. 

Ci4Hi7N2l3Hg requires N=3-53 per cent. 

The dl-pkraU, C7H/NMePh{NH2)*0*CoH206N3, crystallises from 
alcohol, in yellow prisms, melting and decomposing at 152°. It is 
very readily soluble in acetone, moderately so in methyl alcohol, 
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oinewhat less so in cold alcohol or chloroform, but more so in hot; 
t is insoluble in ether or water : 

1-0920 gave 12'8 c.c. Ng (moist) at 23’5® and 763*5 mm. N = 15*72. 
CgoHigOyNa requires K= 15*87 per cent. 

The azonium hydro C 7 H/NMePh(OH)*NH 2 , is strongly 
ilkaliue, and can only be obtained as a syrup. Its alcoholic 
lolution, on being heated on the water-bath for some time, becomes 
iurbid, and decomposes according to the equation ; 

C 7 H 7 -NMePh(OH)-NH 2 = CyHy-NPh-NHg + MeOH. 

Contrary to expectation, the methyl group is eliminated, and the 
heavier benzyl radicle remains attached to the nitrogen atom. The 
secondary hydrazine was identified as its hydroferrocyanide (Found, 
Fe — S’SSj N — 21'50. Calc., Fe=^8'61; N = 21*61 per cent,), 
Phenylbehzylhydrazine hydroferrocymiide, 

(C7H7-NPh-NH2)2,H,Fe(CN)6,2H20, 
iseparates as an amorphous, white precipitate by mixing an aqueous 
solution of potassium ferrocyanide with an acidified solution of 
plienylbenzylhydrazine. It is insoluble in water, but dissolves in 
alcohol. It does not melt, but begins to decompose gradually on 
heating ; 

0*2830 gave 0*0347 PegOg. Fe=:8*57. 

0*0831 „ 15*5 c.c. Ng (moist) at 2P and 766 mm. 21*41. 

r^uires Fe = 8*6i; 21*61 per cent. 

As the salt undergoes decomposition in the steam-oven, its water 
of crystallisation could not be determined, but analyses show that 
it contains 2 H 2 O. 

P htnylmtthylhydrazine hydroferrocyanide, 
(NMePh«NH2)4,H,Pe(CN)6, 

is similarly obtained in colourless prisms. It is soluble in cold 
water, but less so in alcohol. 

It does not melt, but decomposes on heating : 

0*3030 gave 0*0355 FegO^. Pe = 8‘19. 

0*1686 „ 0*0192 Fe^Og. Fe-7‘96. 

0*0836 „ 19*5 c.c. Ng (moist) at 19° and 771*5 mm. 27*22. 
0*0794 „ 18*8 c.c, Ng (moist) at 21° and 769*7 mm. K = 27*31. 
^ 34244 Nj 4 Fe requires Fe=7‘93; K = 27*85 per cent. 
C^34^44^i4Fe,lH20 requires Fe = 7'73 ; N = 27*15 per cent. 

Phenylh enzylmethylazonium 6.-Cam'phor-p-mlyho7uite, 
C7H7-NMePh(NH2)*03S*CioHi50. 

Finely powdered phenylbenzylmethy I azonium iodide (30*5 grams) 

'V as added in small quantities at a time to one molecular proportion 
silver c^-camphor-jS-sulphonate dissolved in boiling ethyl acetate 



1980 SINGH: STUDIES IN SUBSTITUTED QUATERNARY AEONaij 


moistened with a few drops of water, on the water-bath. Xi 
contents of the flask were kept shaken, and after the addition of 
the whole of the azonium iodide, the heating was continued fof 
some time to complete the reaction. The ethyl acetate was distiflej 
off, and the residue consisting of the azonium camphorsulphonate 
and silver iodide was extracted with methyl alcohol until onk 
silver iodide remained behind. The camphorsulphonate obtained in 
this way melted at 170—171°. It is very readily soluble in metlni 
alcoliol or chloroform, moderately so in alcohol or water, sparing 
so in benzene, but insoluble in ether : 


0-1063 gave 0*2537 COg and 0'0707 H^O. C=65'09; H~7-39 
C^ 24 ^ 33 Cl 4 N 2 S requires C = 64'86; H=7-21 per cent. 

The above camphorsulphonate was subjected to fractional crystal- 
lisation by dissolving it in the least possibly quantity of cold methyl 
alcohol, and precipitating by gradual addition of ether. 


melting at 170- 

-171°: 


Yield in M. p. Substance 

b ractioii. 

grams. taken in 


grams. 

A 

■ . 2-1 175 — 176° 0-4383 

H 

2-0 172—173 0-2790 

C 

. 4-0 171'’ 0-2629 


fa]..* [Ml,,, 

-f- 1-61° +36-55'’ +162-3’ 
0-23 8-2 364 

0-17 6-43 28-57 


Fraction A was subjected to further crystallisations in the same 
way with the following results: 


2nd rocrystallisation— in. p. 176°; 0-2931 gram of 
substance 



m. 

After 68 horn’s 


+ J4'*8 

f 1 04- a 

3rd recry.stallisation— m. p. 176° : 0-3759 gram of 
substance .... 



162-06 

After 4 hours 

1 

ob'^ 

16J-3 

4th rccrystallisataon-m.p. 17'6-i77° ; 0.3455 gram 
of substance .... ® 

1 UG 

36-56 

1 02-3 

After 96 hours 

1*ZD 

1 oc 

36-3 

Oi? f\ 

161-2 

The rotatory power was determined in water at 29 — 30°. 

159-9 


[MjTeiTg”* similarly made with 19 grams of salt having 


Fraction, 
J. ... 
IT. ... 
in. ... 

IV. ... 


Aield in Substance 

grams. M. p. taken in grams 

4u. 

[«].- 

[M]. 

j-Z 174—175" 
2-1 172—174 

0-1861 

+ 0’56° 

29-95° 

133-0-’ 

0-2669 

0-35 

13-06 

57-95 

10-0 167—168 

0-1572 

0- 11 

6-96 

30-0 

1’4 168—169 

0-2334 

0-18 

7-67 

34-5 


substAticc was dissolved in 19 9 c.c. of the solvent 
milte detenuinatioQ was made in a 2.dcm. tube about thirty 

unle« thn contra." ritaW ““ 
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Fraction I was further submitted to fractional crystallisation 
nth the following result : 

0[,. rai,,. rMi, 

rd crystallisation — m. p. 175 — 176® ; 0*2297 gram 

of substance +0*84“ +36*4® +161*6® 

Uter 1 0 hours ; . -,'o ' ' » VA' ^ ^ 35* 1 155-8 

Uh crystallisation — m. p. 177 ; 0* 1037 gram of sub- 


stance 0*40 38*4 170*5 

\fter 26 hours 0-40 38*4 170*5 


The value of [MJjj was not raised by further crystallisation. The 
laction melting at 176— 177°, and having [Mj^ +170° represents, 
lierefore, the pure ^f-phenylbenzyiinethylazonium iZ-camphor-^S- 
.ulphouate. 

Tlie rotatory power was determined in water at 29—30°. 

Fractions III and IV from the second experiment, and B and C 
roni the first experiment, which amounted to about 17 grams, were 
liixed together, and had [MJ^ ranging from +29° to +36°. These 
ractions, which contained an excess of the salt of the Isevo-com- 
jonent of the base, were subjected to a prolonged process of frac- 
ioiiai crystallisation, but without any success at further resolution : 


1st recrystallisation — m, p. 167 — 169®; 0*3474 gram 

of substance + 0*285® 

After 6 hour.s ' q.oq 

3rd recrystallisation — m.p. 170 — 171°; 0‘2235gram 

of substance q. j 7 

Last fraction {mother liquor) — 0*1764 gram of 
substance 


t«].- 


+ 8*16° 
8*3 

7-57 


9-02 


[M].. 

+ 36*25° 
36*9 

33*6 

4007 


The last value refers to the solid obtained from the mother 
liquor by evaporating it to dryness in a vacuum desiccator. One 
more recrystallisation from chloroform and ether gave the following 
value: 


«!.* [flit,. [Mj„. 

0*2132 gram of substance f 0-18° +8*44° +37-49° 

It waa further recrystallised from acetone and ether, with the 
following result; 


0*4713 gram of substance 


[aJt, [M]„. 
+ 0*37° +7*81° +34*68° 


The rotatory power was determined in water at 29—30°. 

The Uodi^, v/hich was precipitated in colourless prisms from an 
tqueous solution of the last fraction of the camphorsulphonate by 
ueans of potassium iodide, melted and decomposed at 123—124° 
l5 rotatory power was determined with the following result ; 

9 1222 in 19-9 c.c. of methyl alcohol gave ao-0'04°, whence 
Wd -3*25° and [U]j, -11*1° 
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A\-Phtn ylbeti zylnieihylazoMum A-a-Bromocaviphor-^-sulphomtf, 

C7H7-NMePh(NH2)-03S*C,aHi40Br. 

This salt wafi prepared from the azonium iodide, and the silver 
salt of Armstrong and Lowry cf-a-bromocamphor'^-sulphonic aci^ 
in the same way as the above-described azonium camphorsulphonate. 
The bromocamphorsulphonat-e, obtained in this way, melted at 
173-475®; the yield was almost theoretical: 

01524 gave 0-3052 COg and 0-0861 HgO, C = 54-6; H = 6-28. 
a^HgiO^N^BrS requires C= 55-06; H;=5-93 per cent. 


{[-Vhe n ylh e n zylmeth ylazonium d-o-^ro mocamphor^-s idphomfr. 

The bromocamphorsulphonate (25 grams), as obtained in the 
above way, was subjected to fractional crystallisations a« follows: 

It was dissolved in the least possible quantity of methyl alcohol, 
and precipitated by the addition of successive quantities of ether. 

Substance 
Yield in taken in 


Fraction. grams. M. p. grams. Od. 

Original unresolved 

salt — 173—175" 01051 T 0-643^ +60-89° + 318-84' 

1 8-9 195" 0 1829 1-45 78-9 412-6 

Jt 6-9 175-178 0-1180 0-737 62-16 .325-1 

III 2-7 165—166 0-1054 0-50 47-22 247-0 


The rotatory power was determined in methyl alcohol at 25®. 

Fraction II yielded 2 grams of almost pure salt (melting al 

196®), which was added to fraction I, and also 3 grams of salt 
melting at 167 — 168® added to fraction III. 

Fraction T (ID'S grams) was further subjected to a similar process 
of fractional crystallisation, and its rotatory power was determiuel 
in methyl alcohol with the following result: 


Tciu})era- 

ture. ttp. 1.0 jp. [M]„, 


2nd roci-ystallisation — m. p. 190 — 197"; 

0-2657 gram of substance 

After 19 hours 

3rd crystallisation — m. p. 196 — 197°; 

0-1445 gram of substance 

4th recrystallisation — m. p. 197° ; 0-1111 

gram of substance 

After 46 hours 

0-1215 gram of substaaice (19-9 c.e. of 

chloroform) 

After 20 hours 


23° 

23 

^2-115° 

2-13 

+ 79-23° 
79-77 

+ 414-4^ 
417-3 

23 

1-12 

77-11 

403-11 

24 

25 

0-873 

0-8G 

78-6 

77-41 

411-8 

404-8 

28 

26 

1-057 

1-076 

86-58 

88-06 

452-8 

460-5 


The fraction melting at 197® represents, therefore, the pure 
f/ phenylbenzylmethyl azonium iZ-a-bromocamphor-iS-sulphonate. It 
is moderately soluble in methyl alcohol or water, but insoluble in 
ether or benzene : 
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0-1800 gave 0*3641 COo and 0'()946 H.O. 0 = 55* 15; H = 5'84. 
C 24 H 3 i 04 N 2 BrS requires C = 55-06; H = 5'93 i^er cent. 


. \.l*}i€.nyli>€Hiyli}itthijluzoniu ui A-ti-Hrouiocu tn pho r-^-snJ 'plio nutt. 

This salt is left behind in the mother liquor: it could not be 
obtained in a pure state, as is evident from a determination of its 
rotatory power. 

Fraction III (5 '7 grams) wa« subjected to a prolonged process of 
fractional crystallisations with the following results ; 

Tempera' 


■’lid (Tvstalhsat-ion — m. p. 167 — 168 ; 

tare. 

a„ 

[^1.- 

[Ml,. 

0-fl6'<8 gram of substance 

‘Ird r-r}^stallisation~m. ]>. 165 — 166° ; 

24 

4 0-33" + 48-45" 

+ 253-5" 

0-0866 gram of snbstatice 

4tli crystalliHatioii — m. p. 166 — 167" ; 

2(f5 

0-435 49-99 

261-5 

0-1222 gram of substance 

5tli <;rystalUsation — m, p. 165 — 166° ; 

26-5 

0-6U 

48-86 

255-5 

0-11^9 gram of substance 

27 

0-585 49-38 

258-2 


It is evident from the slow resolution tliat the two salU 
anti dA/B have formed solid solutions one in the other; otlier 
solvents like chloroform or acetone and the lower temperature of 
melting ice were employed for fractional crystallisation, but no 
further r&solution took place. Tlie rotation constants indicate that 
the above fractions consist of about 19 per cent, of salt ^/Bc/A and 
31 ]>er cent, of /B^/A. The salt is very readily soluble in methyl 
alcohol, acetone, or chloroform, less so in ethyl alcohol or water, 
and insoluble in ether: 


01172 gave 0-2382 CO^ and 0 0666 H..O. 0=55 42; H = 6-31. 

requires 0 = 55 06; H = 5-93 per cent. 

A-rhoujlh eu zyfm e f h yfa zonmm L odidv, 0; H ;■ N MePliI • N H ... 

The active iodide was precipitated in white prisms on the addition 
of a concentrated solution of potassium iodide to an aqueous 
solution of the camphorsulphonate (m. p. 177^ and [M|jj +170-5°); 
it melted and decompoeed at 114°. 

Determination of the rotatory power at 28° gave the following 
result in methyl alcohol : 


0':i022 gram of substance. 

After 20 minutes 

After 9 hours 

After 25 hour's 

After 53^ hours 


H>- LH],,. 

O' 587^ +28-89" +98-22* 
0-54 26-58 90-37 

0-49 24-12 82-0 

0-513 25-35 85-83 


At the time of the last observation the solution in the tube had 
acquired a yellow colour, probably owing to decomposition. The 
chloroform solution of the active iodide acquired a deep yellow 

0 N 2 
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colour, and had thus practically cut off most of the light, 
this reason the value of the rotation constant was untrustworthy 
except in indicating that it was much higher than that in metliii 
alcohol. 


&~l^henylhenztjlm.rAhylazonium Ficrate, 

C-H;-NMePh(NH2)*0*C6H20t;N3. 

The active pi<^rate was prepared by adding a methyl-alcoholic 
solution of tlie caniphorsulphonate or the bromocamphorsulphonat^ 
of the fZ-base to a methyl -alcoholic solution of picric acid. On cod- 
cent rating the solution, yellow prisms separated, which after one 
or more crystallisations from alcohol and ether melted and decom- 
posed at 146“147°. The externally-compensated pi crate melts at 
a higher temperature, namely, 152®: 

0‘0445 gave 6'2 c.c, (moist) at 20® and 762‘5 mm. N = 15-99, 
requires N- 15*87 per cent. 

The rotatory-power determination made with a sample prepared 
from the camphorsulphonate gave the following value: 


O' lot) 5 grain of substance Tempera- 

tin metliyl alcohol). ture. o„. 

After lialf an hour 25” '{-0’215' 

After 20 liours 25 0-214 


[“b' IM],. 

+ 20-27° 4 8H7 
20-19 SS'Do 


4'he solution was heated to boiling for half-an-hour under reflux, 
but the rotatory power remained unaltered : 


0 0415 gram of substance Tempera- 

fin chloroform). tore. a^,. [a}„. [M]„. 

After half an hour 21-5° -1-0-24 +57-55° +2.53-R' 

After 80 hours 23 0-23 55-14 243-1 

The optical rotatory-power determination made with a sample 
prepared from tlie bromocamphorsulphonate gave the following 
value : 


0-0818 gram of substance in 
19-9 c.c. of methyl alcohol 

.After half an hour 

After 24 hours 

0-0759 gram of substance in 
20-25 c.c. of chloroform 

After half an hour 

After 131 hours 

After 30 hours 


Tempera - 


ture. 

ai,. 

[a].. 

[Ml,,. 

26° 

1-0-16° 

+ 19-86° 

+ 8(’59' 

26 

0-157 

19-1 

84-22 


26-5° 

4-0-427° 

+ 56-98° 

+ 251-25^ 

24 

0-428 

57-11 

2.51-8 

25 

0-43 

57-38 

253- 1 


The above agreement in the value of the rotatory power of the 
picrate as obtained from the two different salts indicates that the 
salt (lAdB is the pure component. The value of the rotation 
constant is about three times as large in chloroform as in methyl 
alcohol. 
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VPhenylhenzyhneihifhtzonium ricrutt'. 


This substance, obtained from the bromocamphorsulpliouate of 
he /'base, in the same way as its enantiomorphously related iso- 
leride, melts and decomposes at 146^, and is very readily soluble in 
cetone or methyl alcohol, less so in chloroform, and insoluble in 
ther or water; 

0-1015 gave 13*8 c.c. No (moist) at 24° and 763*4 mm. N = 15-32. 

C2UH19O7N5 requires N = 15-87 per cent. 

The rotatory-power determination gave the following result : 


0 1252 gram, in methyl alcohol. 

After half an hour 

After 25 hours 

0902 gram in chloroform 

After half an hour 

After 65 hours 


Temperature. a„. 


28° 

26 


25° 

24 


-0-18° 

018 


-0-39° 

0-38 


[a].. [M]„. 

14-31° -63-09° 
14-31 63-09 

-43-03° -189-7° 
41-93 184-9 


The rotation constants indicate that about 14 per cent, of the 
/-picrate is present in combination with the /-pi crate. 


^-Fhenylhenzylme thylazoniu m M e rc un iodides. 

I- (^C7H7’NMePhI‘NH2)2)HgT2, obt-ained from the bromocamphor- 
ulphonate of the <^-base, resembles the externally compensated salt, 
ind melts and decomposes at 128 — 129°: 

0 1 868 gave 8*2 c.c. Ng (moist) at 23° and 765*7 mm. N = 4‘99. 

02gH34N4l4Hg requires ]Sr=4*94 per cent. 

The following rotatory-power detennination was made in 
cetone : 

0-2364 gram of substance. Temperature, [a]i,. [MJc. 

After half an hour 26° -f- 0- 38° -{- 16-0° !- 181-4° 

After 96 hours 28 0-26 10-94 124-1 

At the time of the last observation the solution had acquired a 
.eep yellow colour. The lower value is due to the solution having 
iidergone decomposition. The above rotation constant gives 90*7° 
s the molecular rotatory power for the single phenylbenzylmethyl- 
zonium ion. 

II. CjH^'NMePhl’NHgjIIglg resembles the externally compen- 
ated isomeride, but melts and decomposes at 124° to a green 
quid : 

0-2312 gave 7*55 c.c. No (moist) at 23° and 765 mm. N = 3*7. 

Ci4Hi7N2l3Hg requires N = 3‘53 per cent. 

The following rotatory-power determination was made in acetone : 

Tempera- 

0-1437 gram of substance. ture, 0 ^. [a]o. [M]„. 

-After half an hour 26° -|-0-l6° -j-l]-08° +87-99° 

After 74houra 20 0-16 11-08 87-99 
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The ([-'plfitinichloride resembles the externally-compensated salt 
but melts and decomposes at 154° : 

0-2268 gave 0-0534 Pt. Pt = 23-54. 

(C]jHi-N 2 ) 2 PtClfi requires Pt = 23-40 per cent. 

As the substance ie insoluble, its rotatory power could not be 
determined. There is no doubt, however, that the substance is 
active, as it melts like other optically active salts, described in tliis 
paper, at a lower temperature than the externally-compensated 

platinichloride. 

The di-mirkhloride is readily soluble in methyl and ethyl alcohols, 
sparingly so in chloroform, and insoluble in ether or water ; it melts 
at 123—129°: 

0'3269 gave 01168 An. Aii-35-73. 

Ci4Hi7N2AuC1.j requires Au = 35-71 per cent. 

The following rotatory-power determination was made in methv! 
alcoliol solution: 


0*1237 gram of substance. 

After half an hour 

After 29 hours 


Tempera- 
ture. a... [a],,. [M],. 

-f0-18° +14-48° +79 9-^^ 
24-5 0-19 15-28 S+34 


rheni/ldihenzylazonhiui Iodide^ NPh(C7H7).,I*NHo. 

Phenylbenzylhydrazine (16 grams) was treated with one molecular 
proportion of a cooled solution of benzyl iodide (18 grams) in ether. 
The crude product (18‘7 grams) on being recrystallised from hot 
alcohol, melted and decomposed at 133 — -134°. It is soluble in hot 
alcohol, very sparingly so in water, and insoluble in ether : 

0-3034 gave 0 1695 Agl. I = 30'19. 

C 2 (jH 27 N 2 l requires 1 = 30*53 per cent. 

The aurichJoride is insoluble in water, but dissolves in hot methv! 
alcohol, and crystallises from the latter solvent in long, yellow 
prisms, melting and decomposing at 147 — 148° : 

0-2406 gave 0-Q7535 Au. Au = 31-32. 

i-equires Au = 31*40 per cent. 

The idatinichlordh is insoluble in water or cold alcohol, hut 
crystallises from hot alcohol in very Tine, buff-coloured needles, 
melting and decomposing at 151°: 

0*2184 gave 0*0435 Pt. Pt= 19*91. 

(C 2 oH^iN 2 ) 2 PtClp requires Pt= 19*77 per cent. 

PhenyldimHh}/lazo?ui(m Iodide, NMe2PhI*NH2. 

Phenylmethylhydrazine (12*2 grams) was mixed witli one mole- 
cular proportion of methyl iodide (15 grams) in etliereal solution 
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1 the cold. The crude product (22 grams), after recrysUllisation, 
‘parates in colourless, stout prisms, melting and decomposing at 
9go It is very readily soluble in methyl alcohol, moderately so 
I water, sparingly so in alcohol, and insoluble in chloroform, ether, 
r benzene : 

0 18305 gave 0-1624 Agl. I ==47-94. 

0-2099 „ 0-2817 CO2, 01011 H^O, and 0-1004 L 0 = 36 6; 

H = 5-35; 1 = 47-83. 

C8HJ3N2I requires 0=36-37; H=4-92; 1 = 48-11 per cent. 

The azonium chloride is readily soluble in alcohol and water, and 
1 very hygroscopic; it melts and decomposes at 187 — 188®: 

0 1822 gave 0-1509 AgCl. 01 = 20-49. 

CgHjaNgCl requires 01 = 20*58 per cent. 

The iMtinicMoride, crystallises from hot water in yellow prisms, 
lelting and decomposing at 158 — 159®; it is sparingly soluble in 
old water, and insoluble in alcohol ; 

0-2463 gave 0-07035 Pt. Pt = 28*57. 

(OgHj3N2)2ptCle requires Pt = 28-60 per cent. 

The mirichloride is soluble in alcohol, sparingly so in cold water, 
nd crystallisee from hot water in minute, yellow prisms, melting 
nd decomposing at 123 — 124®; 

0 25405 gave 0*1051 Au. Au = 41-37. 

O8HJ3N2AUCI4 requires Au = 41-41 per cent. 

The author desires to express his gratitude to Prof. W. J. Pope, 
^R.S., for his kindness in reading this paper in manuscript form, 
nd his appreciation of the friendly interest of his colleague, Dr. 
5. R. Watson. 

Purther work with other members of the azonium series is in 
irogress. 

The Ghemica.l Laboratory, 
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Bengal, India. 
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CLXXXIV.— 7%e Influence of Acids and Alkalu 
the Optical Activity of Some Amino-acids. 

By John Kerfoot Wood. 

The results of the large amount of work done during recent years 
on amphoteric electrolytes have led to the view that in aqueous 
solutions of such substances there is formed, as a result of 
neutralisation of the basic and acidic groups of the compound, a 
kind of internal salt. Assuming such a constitution to be correct^ 
it appeared to the author that in the ca^ of optically active ampho. 
teric compounds like some of the amino-acids it might be possible 
to arrive at some knowledge as to the acid and basic strength of 
the compounds by an adaptation of the pola rime trie-avidity method 
described by Walker (Zcitfich. physikal. Chem., 1903, 46 , 30|, 
With this object in view, determinations have been made of the 
optical activity of several amino-acids both in aqueous solution and 
in the presence of varying amounts of acids and of alkali. It soon 
became evident that a method of this description would be incap 
able of application to optically active amino-acids in general, because 
of the very sparing solubility of many such substances in water, 
and the consequent difficulty of obtaining trustworthy values for 
the specific rotation, not only in purely aqueous solution, but also 
in those cases where the quantity of acid or alkali added was insuffi- 
cient to form an external salt with the amphoteric compound. It 
has been possible, however, to carry out such experiments witli 
leucine, aspartic acid, and glutamic acid, the results obtained behiij; 
given in the present paper, Experiments of the above-mentioned 
character were carried out by Becker (Ber., 1881, 14 , 1028), both 
with aspartic acid and asparagine, hut the subsequent work of 
Cook {Ber., 1897, 30 , 296) and Fischer (Ber, 1899, 32 , 2462) has 
shown the inaccuracy of some of his values for the former sub- 
stance, so that it became necessary to repeat many of his experi- 
ments. It may be liere mentioned that, apart from the difference 
in magnitude of the values obtained, similar results were arrived 
at by Becker and the author as to the influence exerted by varying 
amounts of hydrochloric acid on the optical activity of aspartic 
acid. 

In the determination of the optical activity of the various solu- 
tions, a Schmidt and Haensch polarimeter (triple field) was 
employed. All determinations were made at 25°, water from 
thermostat being kept in constant circulation through the jacket 
of the polarimeter tube ; a 2-dcm. tube was used throughout. The 
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jjiajority of the solutions employed had a eoncentratio]! of from 
1 to 2 por cent., but in some of the solutions of aspartic acid, owing 
to the sparing solubility of the substance, more dilute solutions 
had to be used. The u§e of dilute solutions certainly increases the 
difficulty of obtaining accurate values for the specific rotation, but 
a truer comparison of the results given by the varions solutions 
can be made when these solutions contain aj^proximately equal 
amounts of the amphoteric compound. Moreover, by using dilute 
solutions, the salts present may be taken as being almost completely 
ionised, and the values for the specific rotation will therefore 
fOiTespond with this condition of the salts. 


Uucim, {CH 3 ).CH'CH 2 -CH(NH.)-C 02 H. 

An aqueous solution of this substance gave the value for the 
specific rotation as [oJd -9‘84'^. 

The effect of varying quantities of hydrogen chloride on the 
specific rotation is shown in the following table : 


Molecules of 
hydrogen chloride/ 
molecules of 
leucine. 

Wn 

Molecules of 
hydrogen chloride/ 

1 molecules of 

leucine. 

[«]«. 

0-55 

1-70® 

2-82 

11-23'^ 

0‘87 

6-50 

0-11 

12-14 

1-06 

7-83 

7-51 

11-39 

1-34 

11-20 

8-62 

12-88 

2‘21 

1256 




It is evident that as the ratio of hydrogen chloride to leucine 
is increased there is, at first, a marked change in the optical 
activity of the solution, but that when the molecular ratio reaches 
a value between one and two the further addition of hydrogen 
chloride causes little further change in the specific rotation; this 
is shown in Fig. 1. 

The following table shows the results obtained when the leucine 
was dissolved in solutions of sodium hydroxide and the influence 
of the relative proportions in which the two substances are present 
on the value of the specific rotation : 


Molecules of 


Molecules of 


sodium hydroxide/ 


sodium hydroxide/ 


moleoiiles of 


molecules of 


leucine, 

[«].- 

leucine. 

[«].,- 

0-54 


1-75 

5-39' 

0-59 

+0-88 

1-97 

4-37 

0-83 

3-09 

2-30 

4- GO 

0-86 

4-42 

2-54 

6-74 

0-99 

4-00 

^ 2-58 

4-90 

1-30 

7-51 

; 3*75 

4-93 

1-63 

i.es 
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These figures do not show quite the same regularity as those 
arrived at from the acid solutione, but it is quite evident that the 
effect of the alkali on the specific rotation of the leucine is of a 
liimilar nature to the influence of the hydrogen chloride. A small 
increase in the quantity of alkali has a considerable effect on the 
optical activity when the molecular ratio of alkali to leucine is less 
than one, but produces little change in other cases. The dcvia- 


Fjo. 1. 



}{ols, HOI 
Mvls. Leucine 


tic 116 shown in a few cases are probably due to errors in the 
reading of the rotation owing to the solution not being quite clear. 
It is, of course, possible that some of the irregularity might he 
explained by the substance undergoing partial racemisation in 
alkaline solution, but no evidence of this has been obtained, an 
alkaline solution of leucine, containing an excess of sodium hydr- 
oxide, showing no appreciable variation in optical activity when 
kept for some hours at 25 ® 
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CAuiarti^c Acid, HOoC*CH.*CH,-CH(NH.)-COJI. 

An aqueous solution gave the value for the specific rotation as 

Tlic results obtained in hydrogen chloride solution are shown 
below; it will be observed that the general effect produced by the 
added acid ie similar to that Jioticed with leucine : 


Molecules of Molecules of 

hydrogen chloride/ hydrogen chloride/ 

molecules of molecules of 

glutamic acid. [aj^. glutamic acid. 

0-54 23-04° ln5 30-94° 

0-82 26-88 2-26 31-10 

0- 84 28 84 403 32-:]6 

1- 01 27-91 


Becker {loc. cit.) observed that the influence of acetic acid on 
the specific rotation of aspartic acid was very much less than that 
of hydrochloric acid. It appeared probable that this was due to 
the very much weaker nature of acetic as compared witli hydro- 
chloric acid, and a similar effect would be expected in the case of 
trlutamic acid. Experiments were accordingly conducted to ascer- 
tain the effect of varying amounts of acetic and of chloroacetic acid 
on the specific rotation of glutamic acid; the results obtained are 
given in the following tables ; 

Molecules of ] Molecules of 

acetic acid/ | chloroacetic acid/ 

molecules of j molecules of 

glutamic acid. [a]o. I glutamic acid. 

1-47 13'90° i 0-28 16'64° 

3-92 13-86 I 0-55 18-68 

1 1-24 18-73 

1 1-47 19-80 

i 4-41 24-30 


The relative effect produced by the three acids is well shown in 
Fig, 2, and it is quite evident from the nature of the results that 
tlie magnitude of the change produced in the specific rotation of 
glutamic acid depends on the strength of the added acid. 

Very interesting results were arrived at when the rotation of 
alkaline solutions of glutamic acid was determined. The figures 
obtained are given in the following table, whilst the influence of 
a variation in the proportion of alkali present is very well shown in 
Fig. 3 ; the last point is not shown on the curve. 


Molecules of 


Molecules of 


sodium hydroxide/ 


sodium hydroxide/ 


molecules of 


molecules of 


glutamic acid. 

[a]o. 

glutamic acid. 

[«].- 

0-49 

+ 3 00“ 

1-32 

- 0-40° 

0-74 

-0-40 

1-ao 

+ 4-50 

0-99 

-4-73 

2-47 

l(b22 

i-09 

-3.97 

0-90 

10-90 
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The curve shows a well-defined minimum, which corresponds 
the ratio of alkali and glutamic acid necessary for the formation 
of the acid salt; as the proportion of alkali is still further increased 
the specific rotation is again rapidly changed until the molecular 
ratio is a little greater than two, after which uo appreciable altera 
tion in the magnitude of the specific rotation takes place on tkf 
addition of further amounts of alkali. 


Asfartic Arid, H02C*CH2-CH(NH2)’C02H. 

The aqueous solution of the acid gave the value for the specific 
rotation as [«]d5'87® 

Fifi 2. 



The figures obtained from solutions containing varying amounts 
of hydrogen chloride are shown in the following table, and the 
curve drawn from it shows that the influence of hydrogen chloride 
on the specific rotation of aspartic acid is similar in character to 


the effect noticed in 

the previous cases. 


Molecules of 


' Molecules of 


hydrogen chloride/ 


hydrogen chloride/ 


molecules of 


molecules of 


aspartic acid. 

\ 

aspartic acid. 

hh- 

0-29 


1-44 

21-6' 

0-39 

11-8 

1-96 

22-8 

0-50 

14*1 

3-04 

23- G 

0*94 

18-4 

4-90 

23-9 

1-28 

19- 0 1 




The results obtained, using solutions of aspartic acid in sodium 
hydroxide, are sho'wn below, and if a curve is drawn from them 
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will be seen that the effect of varying proportions of alkali on 
he optical activity is similar to that obtained with glutamic acid, 
t be mentioned that no evidence has been obtained either 
v'ith aspartic acid or glutamic acid to indicate that these coni- 

Fio. 3 



pounds undergo racemisation when in the presence of an excess 
of sodium hydroxide : 


Molecules of 


1 Molecules of 


sodium hydroxide/ 


sodium hydroxide/ 


molecules of 


molecules of 


aspartic acid. 


aspartic acid. 


0-42 

- 3-54° 

217 

-5‘V 

0-86 

-14-7 

2' 80 

3-77 

1-08 

-14-5 

4-96 

3-47 

b53 

-9’9 

6-21 

-3-47 
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Discussion of Results. 

It will be quite apparent fram the data and curves given above 
that with each of the substances examined the influence of j 
strong acid or base on the optical activity of the compound follows 
tlie same course. In every instance the addition of the acid op 
base produc'es a marked change in the specific rotation until the 
molecular ratio of added substance to amino-acid is somewhat 
<rreater than one, after which the addition of further quantities of 
acid or base prcKluces but little effect. In the case of the addition 
of sodium hydroxide to glutamic and aspartic acids it is, of course, 
the second portion of the curve which must be considered more 
particularly, the firet portion of which the substance is becoming 
increasingly hTevo rotatory, corresponding with the formation of tlie 
acid salt; it will be noticed that the minimum value corresponde 
in both. cases with the ratio of alkali and amino-acid necessary for 
the production of the acid salt. From this point onwards tlie 
further addition of sodium hydroxide leads to variations, in the 
specific rotation analogous to those produced by hydrogen chloride 
or by sodium hydroxide when added to leucine. In every case 
there is a distinct break in the curve, and it will be noted that this 
break never occurs at a point where the ratio of added acid or base 
to amino-.acid is equal to unity, but always at a point showing a 
preponderance of acid or base; in other words, an excess of acid 
or base over the amount required to form a salt with the arnino-acid 
must be added before this break in the curve is reached. It seems 
perfectly evident that this marked break in the curve is indicative 
of a change in tlie mode of existence of the amino-acid in the 
solution. The only change which can take place is that of the 
formation of a salt with the added acid or base ; this change is 
taking place from the very commencement of the addition of the 
acid or base, and is indicated by the variation in the specific 
rotation, the value for which until salt formation is complete will 
be somewhere between the values for tlie free ainirio-acid and the 
salt. The break in the' curve may therefore be taken as indicating 
the completion of salt^-formation with the added acid or base, and 
the further slight changes whicli follow from tlie addition of more 
acid or base as being simply due to changes in the degree of ionisa- 
tion. The value of the specific rotation corresponding with the 
break in the curve may therefore be regarded as the optical 
activity of the salt of the amino-acid. 

Wlien one considers the great disparity bebw'oen the strength of 
hydrochloric acid and sodium hydroxide and the amino-acids 
regarded as acid and base respectively, it appears exceedingly 
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jniprobahle that any appreciable excess of hydrogen chloride or 
sodiuni hydroxide would be required to decompose the iuternal salt 
supposed to exist in the aqueous solution of the ami no- acid. The 
excess of acid or base necessary, therefore, to obtain complete 
salt'formation cannot be attributed in this caee to the competition 
of two acids for a base or vice versa. This does not indicate that 
no internal salt exists in solution, and that no coinpetition of two 
acids for a base may take place. The very different results obtained 
when a weak acid is used instead of hydrochloric acid are probably 
largely due to such competition. The true explanation of wliy an 
excess of acid or base is necessary would seem to lie in the fact 
that the salts of such a weak base or acid as is an amino-acid must 
be considerably hydrolysed in solution, so that when the amino- 
acid and the added substance are present in the solution in equiva- 
lent quantities some of the amino-compound must be present in 
the free condition. The addition of a further amount of acid or 
base will, of course, convert this free amino-acid into the salt and 
salt-formation will be practically complete provided a sufficiently 
large excess of hydrochloric acid or sodium hydroxide is employed. 
It becomes possible, therefore, t-o determine the degree of hydro- 
lysis of the salts of amino-acids from the values obtained for the 
specific rotation in the different solutions, and knowing the degree 
of hydrolysis and the concentration of the solution, the basic and 
acidic ionisation constants of the amino-acid can be calculated. 
Ill the case of aspartic and glutamic acids, the acid ionisation- 
coiisUnt determined is, of course, that of the second and weaker 
hydrogen ion on which the hydrolysis of the salt depends. 

As an example, the case of leucine hydrochloride may be taken. 
The specific rotation of the free amino-acid is -9‘84‘^, and that of 
its hydrochloride When the two substances leucine and 

hydrogen chloride are present in equivalent amounts the specific 
rotation is seen from the curve to have a value of Denoting 

the fraction of the leucine which exists in the free condition by 

we get the equation : 

~9'84jr-i- (l-.r)ll‘4-8, 
which gives a value of 0*16 for j:. 

The hydrolysis constant is then calculated by means of the 
equation : 

(Active mass of hydrolysed salt)- _ _ Ky, 

(Active mass of non-hydrolysed salt) ki * 

Taking the degree of hydrolysis as 16 per cent., and the concen- 
tration of the solution as 2’ 2 per cent., the value of the hydrolysis 
constant is found to bo 0*0046 ; the ionisation coiietant of water at 
-5° being 1*2x10”’^, the basic ionisation constant of leucine is 
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accordingly 2-3 x a figure in good agreement with % 

obtained by Winkelblech {Zeiisch. ph^sikal. Chem., 1901, 36, 587j, 
The following table gives the various values calculated by 
above method, together with values previously obtained by Wiuie]. 
blech {loc. cit.) for some of the substances : 

Wood’s value. Winkelblech ’s value. 


Leucine A6=2-7x 10’“ 

1(3x10-“ fca=3-lxl0-“ 

Glutamic acid fc6=3'9xl0 

,fc„=1.0xl0-“ 

Aspartic acid fc*— 1-3 X 10’^* i 4 = l'3xl0"“ 

jfc,.=2‘2xl0’“ 


The close agreement between the values for h^, obtained by tlij 
author and Winkelblech for leucine and aspartic acid is at ouce 
noticeable, and suggests that the method employed by the author 
might be used with advantage in the case of all optically active 
amphoteric electrolytes of sufficient a degree of solubility; rather 
greater variation is shown between the values for the acid constant 
of leucine. 

In conclusion, the author wishes to express his thanks to the 
Carnegie Trustees for a grant which defrayed the cost of the 
materials used in the investigation. 

University College, Dundee. 

University oe St. Andrews. 


CLXXXV . — The Estimation of Carbon Monoxide, 

By Joseph Ivon Graham and Thomas Field Winmill. 

Several methods for the estimation of carbon monoxide based on 
the reaction LO^-f-SCO — I 2 + 5 CO 2 have been described,* some 
involving the estimation of the iodine produced, others the carbon 
dioxide, the latter being usually absorbed by standard barium 
hydroxide, the excess of which is titrated with standard oxalic acid 
solution. The application of these methods to routine estimations 
of carbon monoxide is difficult owing to the cumbersome nature 
of the apparatus required, and the large volume of sample neces- 
sary. We have, therefore, devised an apparatus which is essen- 
tially a modification of the well known Haldane type of gas analysis 

♦ For an excellent resume of work on this object, see Weiikopf, J, Chem. Metall, 
Min. Soc. S. Africa^ 1909, 9, 258; compare al«q Goutal, Ann. chim. anal, 

16, 1 ; Levy, /. Soc. Cheat. Ind. , 1911, 30, 14^7. 
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apparatus, and in which iodine pentoxide is employed for the 
jelecfcive oxidation of carbon monoxide, so that the latter may be 
juickly and easily estimated volumetrically, yet, at the same time, 
50 that an accuracy of 0-02 per cent, may be obtained, 20 c.c. of the 
jainple being the volume required for an analysis. 

The rate of oxidation of carbon monoxide by iodine pentoxide is 
Ictermined largely by the temperature at which the reaction ie 
jarried out, and this has been one of the chief points of discussion 
between the various investigators of this subject. We have found 
,liat the reaction takes place slowly at 70—80°, but is rapid and 
.‘omplete at 90 100°, and have, therefore, Onally adopted the latter 
-ange of temperature. The results of a number of analyses of 
fixtures of carbon monoxide and air (tables A and B) show that 
in accuracy of 0*02 per cent, may be readily obtained. 

It is well known that uusaturated hydrocarbons affect the accu- 
acy of estimations, and these must therefore be removed from the 
iample before passage over the iodine pentoxide. In the present 
nvestigation considerable attention lias been given to the reaction 
)f iodine pentoxide with hydrogen and saturated hydrocarbons at 
.’arious temperatures. It seems to have been generally accepted 
hat hydrogen is not acted on by iodine pentoxide. In the follow- 
ng pages, however, it is shown that hydrogen in the absence of 
jarbon monoxide is attacked by iodine pentoxide at temperatures 
ibove 135°. When carbon monoxide is present, oxidation of the 
lydrogen takes place at lower temperatures as the percentages of 
;hese gases increase. When the concentration of hydrogen is above 
10 per cent, it is impossible to oxidise the carbon monoxide without 
stacking the hydrogen to some small extent, even at temperatures 
3elow 100°. The nature of the action of iodine pentoxide in the 
presence of carbon monoxide is not quite clear, but it seems highly 
Drohable that, with mixtures of hydrogen and carbon monoxide 
;ontaining comparatively large amounts of the latter (more than 
1 or 9 per cent.), the hydrogen is attacked by the nascent iodine 
wolved in the reaction between the carbon monoxide and iodine 
Dentoxide. The action of iodine pentoxide on hydrogen at higher 
•emperatures (about 160°) appears, on the other hand, to be a 
iimple case of oxidation of the hydrogen to water with liberation 
>f iodine. In order to estimate carbon monoxide accurately by 
>^dation with iodine pentoxide, if the hydrogen exceeds 20 per 
-'ent., the sample must be suitably diluted with an indifferent gas. 
^Vheu, however, the hydrogen is below this limit an accuracy of 
^ 02 per cent, in the estimation of the carbon monoxide can re^ily 
obtained on a sample of 20 c.c. by the method described in this 
paper. 
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Experimental. 

Description of Apparatus and Analytical Eesxdts for Mixtures 0 / 
CarhoTi Monoxide and Air. 

The apparatus used is a modification of the well-known Haldane 
type of gas analysis apparatus, and is designed to measure the coa. 
traction which occurs when a mixture containing carbon monoxide 
is passed over heated iodine pentoxide and the products of the 
reaction are treated with potassium hydroxide. This contraction 
is equal in volume to the quantity of carbon monoxide present 
in the original sample. The usual absorption pipettes on the 
Haldane apparatus are replaced by three potassium hydroxide 
pipettes, a bromine pipette, and a U-tube containing about 2 grams 
of iodine pentoxide, arranged as shown in the figure. 



A contains 25 per cent, potassium hydroxide solution. G aud A’, 
45 per cent, potassium hydroxide solution, B bromine in an aqueous 
solution of potassium bromide, and /> is a small U-tube so filled 
with powdered iodine pentoxide that the "dead space in the tube 
is reduced to a minimum. 

The potassium hydroxide and bromine pipettee are connected to 
suitable reservoirs. The pipette G is connected through a T-pi 2 ce 
to the usual compensating device employed ou the Haldane appara- 
tus. After filling with pure iodine pentoxide, the U-tuhe is heated 
to 200*^ for three or four hours in a current of dry air, before being 
fitted to the apparatus. A broad wooden shield on either side 
protects the various pipettes from absorbing heat while the iodine 
pentoxide tube is being heated. The sample for analysis is tah® 
into the burette and measured (1) with the usual precautions 
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adopted when using the Haldane apparatus, the U-tube of iodine 
pentoxide being immersed in a bath of cold water, the temperature 
of which is noted. The sample is then passed into the bromine 
pipette, By where it is kept for four minutes, the burette tap and 
those leading to A and C being closed. By opening the necessary 
taps and lowering the reservoir attached to C, the sample is then 
transferred to the pipette (7. The tap to B having been closed to 
the bromine pipette, the eample is passed several times backwards 
and forwards between G and A to remove all bromine vapour, and 
is then brought back into the burette and measured. The operation 
is repeated until a constant reading (2) is obtained. The difference 
between (1) and (2) gives the amount of carbon dioxide, hydrogen 
sulphide, sulphur dioxide, and unsaturated hydrocarbons. The 
latter are completely removed by two passages into the bromine 
pipette provided the amount does not exceed 5 per cent., the 
second passage only being necessary to “wash out” the “dead 
jpace” between the burette and the bromine pipette. The sample 
Is next passed into the pipette C and the tap on this pipette opened 
ja the U“tube, which is now heated to 90 — 100°, the beaker of cold 
ivater being replaced by one containing hot water and heated by 
neans of a small Bunsen' burner during the oxidation of the 
jarbon monoxide. The sample is passed from G io E through the 
odine pentoxide U-tube, />, twice backwards and forwards by 
*aising or lowering the reservoir attached to G. By this means the 
larbon monoxide is oxidised to the dioxide, which, together with 
he iodine liberated, is absorbed by the alkali in C and E. The 
•esidual sample in the connexions between the burette, Aj B, and 
7 , is “washed out,” and the gas eample again passed backwards 
ind forwards twice over the hot iodine pentoxide. This has been 
ound sufficient to remove completely all the carbon monoxide even 
A'hen 15 per cent, is present in the original sample. (The complete 
‘emoval of carbon monoxide has been demonstrated by constancy 
)f volume after subjection to further passages over the hot iodine 
pentoxide, and also by the delicate “ blood ” test.) The beaker of 
hot water is then removed and replaced by the original beaker of 
cold water, and after a couple of minutes the potash level in E 
13 brought to the graduation mark, the temperature of the water- 
bath being again noted. In cases where there is any small variation 
m temperature, a correction, readily determined by experiment, 
is applied. Thie correction should not exceed 0’002 c.c, per 1° 
change in temperature in a well-constructed iodine pentoxide tube. 
The sample is transferred to the burette and measured (3), the 
(iifference between (2) and (3) giving the amount of carbon mon- 
oxide present. 


6 0 2 
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It will be noticed that the gas sample ie confined over 45 per 
cent, potassium hydroxide solution during the oxidation, and is 
therefore not quite dry. Previous investigators have insisted that 
the sample must be free from moisture for complete oxidation of 
the carbon monoxide, but this is apparently unnecessary, although 
we have found it advisable to heat the iodine pentoxide to about 
190° in a current of dry air after about twenty analyses. This is 
probably due to the fact that moisture has been present in the gas 
sample passed over the iodine pentoxide. For simplicity in mani- 
pulation the U-tube is connected to the apparatus by means of 
rubber junctions at c and e, no objection having been found to the 
adoption of this plan. 

In the experiments described below, mixtures have been made 
from pure carbon monoxide, the purity of which has been controlled 
by combustion analysis in the Haldane apparatus. 


Table A. Mixtures of Carbon Monoxide and Air, Iodine 
Pentoxide (tube heated to 160 — 180°). 


Volume of carbon 

Carbon monoxide 

Carbon monoxide 


monoxide present 

present. 

found. 

Error. 

in sample. 

Per cent. 

Per cent. 

Per cent. 

c.c. 

0-004 

0-02 

0-02 

+ 000 

0-015 

0-08 

0-10 

-fO-02 

0-020 

0-11 

0-11 

+ 0-00 

0-020 

0-11 

0-10 

-0-01 

0-039 

0-22 

0-22 

+ 0-00 

0070 

0-39 

0-38 

-0-01 

0-276 

1-50 

1-51 

+0-01 

0-568 

.3-06 

3-09 

+0-03 


In the above determinations the pipette E contained mercury, 
and the gas was passed through the U-tube from the burette, the 
carbon dioxide produced being estimated by subsequent passage 
into the pipette C. The method described in the previous part of 
the paper was afterwards adopted owing to the contamination of 
the mercury in the burette and pipette, E, by the iodine liberated 
during oxidation. 


Table B. Mixtures of Carbon Monoxide and Air, 
Carbon monoxide Carbon monoxide 



present. 

found. 

Error. 

Temperature. 

Per cent. 

Per cent. 

Per cent. 

] 60— 180'^ 

3-43 

3-41 

- 0-02 

160—180 

10-22 

10-21 

-001 

130—140 

24-13 

24-14 

+ 0-01 

105—115 

3-58 

3-58 

+0-00 

90—95 

8-21 

8-20 

-0-01 

90—96 

16-12 

16-13 

+ 0-01 
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Influenu of Hydrogen a.nd Saiuraitd Ilydrocarhon^ on the 
Accuracy of the Method. 

Mixtures of Hydrogen arid Air.—Th^ reaction between iodine 
pentoxide and hydrogen at various temperatures was investigated, 
and from the results given below it is clear that hydrogen is readily 
attacked by iodine pentoxide at temperatures above 135 °. 


Table C. 


Temperature. 

100 — 105 ® 

110—125 

140—145 

160—165 

170—180 

170—180 


Hydrogen 

Carbon monoxide 


in sample. 

present. 

Contraction. 

Per cent. 

Per ceiit. 

Per cent. 

20 

0-00 

0-00 

100 

0-00 

0-00 

100 

0>00 

0‘02 

100 

000 

0-35 

20 

0-00 

O ' 50 

100 

O'OO 

1-27 


From the above table it appears that hydrogen alone is not 
attacked at temperatures below 130° When, however, carbon 
monoxide is present, this temperature is considerably reduced. This 
reduction depends both on the concentration of the hydrogen and 
that of the carbon monoxide. Experiment shows that: (1) If the 
concentration of hydrogen exceeds 20 per cent., accurate estima- 
tion of the carbon monoxide is impossible. (Table D.) (2) If the 
’oncentration of hydrogen is less than 20 per cent, but greater 
than 6 per cent., and that of the carbon monoxide greater than 
^ per cent., accurate estimation of the carbon monoxide is still 
impossible. (Table E.) (3) If the mixture contains less than 

20 per cent, of hydrogen and less than 8 per cent, of carboji 
nonoxide, an accuracy of 0-02 per cent, can be obtained (Table F), 
ind (4) If the concentration of the hydrogen is below 1 per cent., 
ip to 25 per cent, of carbon monoxide can be satisfactorily esti- 
nated. (Table G.) 

It follows, therefore, that for accurate analysis of mixtures rich 
n hydrogen and carbon monoxide, the sample should be diluted 
v’ith air to bring the concentration of the hydrogen below 20 per 
jcnt, and that of the carbon monoxide below 8 per cent. 
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Table D. Mixtures of Hydrogen^ Varhon Monoxide^ and Air^ ni 
which the Hydrogen exceeds 20 fer cent. 


Carbon monoxide Carbon monoxide 


Temperatiire. 

Hydrogen. 

Per cent. 

present. 

Per cent. 

found. 

Per cent. 

Error. 
Per cent. 

90" 

230 

5-37 

5-38 

+001 

120 

23-0 

5-37 

6-43 

+ 0-06 

105—115 

27-5 

1M3 

11-30 

+0-17 

100—115 

28-0 

4-70 

4-73 

+ 0-03 

70—80 

33-0 

9' 86 

9-81 

-0-05* 

100—115 

35‘0 

4-08 

4-25 

+0-17 

90—95 

62-8 

M7 

1-30 

+0-13 

90—95 

68-2 

0-72 

0-79 

+0-07 

75—85 

70‘0 

3-64 

3-70 

+ 0-OG 

100—110 

80-0 

2-82 

3- 07 

+ 0-2.5 

90—95 

92‘8 

MO 

i:n 

4 0-21 

* IiicoiiiplbU oxidation 

at the low ttmpi-iature employed. 



Table E. Mixtures containing hetween 6 ger cent, and 20 pn 
rent, of Hydrogen and more than 8 per cent, of Carhon Mm)- 
oxide. 

Carbon monoxide Carbon monoxide 



Hydrogen, 

present. 

found. 

Error. 

Tempo rahi re. 

IVr cent. 

Per cent. 

Per cent. 

Per cent 

!)0— -95’ 

6-05 

9-52 

9-59 

+ 0-07 

90—95 

6-05 

12-41 

12-.57 

-fO-16 

90—95 

8- 03 

10’ 6.5 

10-74 

+ 0-09 

90—95 

18-57 

9-73 

9-90 

-^-0-17 

8.5—90 

18' 57 

10-01 

10-09 

0-OS 

85—90 

18-72 

9-57 

9-70 

id- 13 

8;")- 90 

20' 0 

12-65 

13-08 

; on 

Table F. Mixtures containing less than, 

20 per cent. 

UydrotgA 

and less than 8 

per cent. Carhon Monoxide. 



Carbon monoxide Carbon monoxide 


Hydrogen. 

present. 

found. 

Error. 

Temperature, 

Per cent. 

Per cent. 

per cent. 

Per cent. 

90—95" 

6-38 

5' 47 

5-47 

+ 0-00 

90—95 

8-30 

8-44 

8-44 

•f 0-00 

95—105 

14-0 

7-39 

7-3S 

-O-Ol 

95—105 

14-0 

7-45 

7-43 

-0-02 

90—95 

18-80 

7-87 

7-88 

0-01 

90—95 

19-58 

5-66 

5-68 

-1-0-02 

Tablk G. Mixtures containing less than 

3 per cent. 

Hydroptii 

7i)ith 

large percentages of Carhon Monoxide. 

Carbon monoxide Carbon monoxide 



Hydrogen 

present. 

found. 

Error. 

Temperature, 

Per cent. 

Per cent. 

Per cent. 

Per eeiit. 

90—95" 

2-16 

11-95 

12-00 

+ 0-OS 

90—95 

2-00 

14-27 

14-36 

4-0-09 

90—95 

1-20 

15-96 

16-00 

+ 0-04 

90—95 

1-04 

24-85 

24-96 

+ 0-10 
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The action of mixtures of air with methane, containing a email 
percentage of its homolo^es (“natural fire-damp ”), has been 
tested with samples containing approximately 10 per cent, and 
80 per cent, of combustible gas. No oxidation is observed even 
^hen the sample is passed over iodine pentoxide heated at 

jgO 180®. Artificial mixtures of these samples with small amounts 

of carbon monoxide were also analysed, the results being given 
below : 

Carbon monoxide Carbon monoxide 



Fire damp. 

present. 

foxind. 

Error. 

Temperature. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

160—180'’ 

10-86 

0-00 

0-00 

•fOOO 

90-95 

79-0 

0-00 

0-00 

+ 000 

160—180 

79-0 

0-00 

-0-01 

-001 

160—180 

10-8 

0-18 

0-19 

+ 0-01 

160—180 

10-7 

1-12 

1-15 

+ 0-03 

90—95 

74-6 

1-98 

2-01 

+ 003 

90—95 

70-6 

2-60 

2-59 

-0-01 

As coal gas 

contains a 

large proportion of hydrogen, it is not 


possible to analyse an undiluted sample for carbon monoxide. 

In the following analyses the samples were consequently diluted 
with air to about five times their volume in order to reduce the 
concentration of hydrogen to about 12 per cent, for the reasons 
already stated. If this be done, results which do not differ by 
more than 0'02 per cent, may be obtained for the carbon monoxide 
estimation, as shown by the following table : 

Sample A. Sample B. Sample 0, 


0) (2) (3) (iT (2) (I) (2) 

Coal gas, per cent 23 17 23-17 23-17 21-04 21-04 21.-98 21-98 

CO„ unsaturated compounds, 

etc., per cent 1-18 — 1-18 0*96 0-95 1-10 1-08 

CO per cent 1-39 1-39 — 1-29 1-30 1-44 1-40 


The necessary dilution can be made accurately in the gas burette 
of the apparatus. The residual gae after removal of the carbon 
monoxide by the analysis was tested for traces of carbon monoxide 
by the delicate “ blood “ test with negative results. 

The authors therefore conclude that carbon monoxide can be 
estimated rapidly and with considerable accuracy by oxidation with 
iodine pentoxide by the method described, provided that the precau- 
tions detailed in this paper are observed. 

A practical advantage of the method is that as only a few c.c, 
of the sample are needed for the analyses the same small sample 
which suffices for the determination of other constituents, such as 
oxygen, methane, or carbon dioxide, is sufficient also for determining 
oarbon monoxide. 

Doncaster Coal Owners' Laboratorv, 

Bentley Coli.ikry, near Doncaster. 
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CLXXXVl. — The Effect of Ring-Formation on 
Viscodty, 

By Ferdinand Bernard Thole. 

In a previous communication on the viscosity of geometrical iso- 
merides (T., 1912, 101 > 552) attention was drawn to the appreciable 
exaltation of viscosity that resulted when groups possessing ^ 
certain amount of residual affinity were adjacent in a molecule, tlnig 
setting up a potential ring-system. This observation suggested a 
fuller investigation of the effect of ring-formation on viscosity, 
particularly with the view of examining the effect of varying tbe 
ring-strain and of correlating the results for viscoeity with those 
of other physical properties. 

The small extent to which the influence of ring-formation on 
physical constants has been investigated is, no doubt, due in some 
degree to the comparatively recent development of systematic 
methods for the synthesis of ci/cZo-paraffin derivatives, for before 
Perkin’s researches (1885 et scg'O ^ cycZohexane deriv- 
atives and the ketones cycZopentanone and cj/cZoheptanone were 
definitely known. In addition to this, one must also recognise the 
very considerable experimental difficulty of obtaining sufficient 
quantities of material (except in the cycZohexane series) for system- 
atic work. 

The effect of ring-formation on a physical property is shown most 
clearly by comparing the cyclic compound with the corresponding 
open-chain analogue, a method which has been adopted in the 
present work. 

This method has to some extent been used by other investigators, 
but in all cases (except with the hydrocarbons) the comparison has 
not been strictly legitimate because corresponding compounds, that 
is, compounds of similar chemical and structural type, have not 
been compared. One should not, for example, compare cycZopro- 
panecarboxylic acid with ?i-hutyric acid, but with tsobutyric acid, 
since butyric acid contains the CHg'COgH group, whilst eyeZopro 
panecarboxylic acid and ^butyric acid both contain the group 
CH'COgH. Again, cycZohexanoI (a secondary alcohol) should bs 
compared with hexan-jS-ol or hexan-y-ol, and not with ?i-hexyl 
alcohol. A particularly curious point of view was taken by Perkin 
(T., 1902, 81 , 292), who, in determining the effect of ring-formation 
on magnetic rotation, compared cycZopropanecarboxylic acid with 
formic acid. 

In most cases conclusions drawn from comparisons of this type 
are not materially vitiated, because the properties examined were 
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mainly additive and only slightly constitutive. In cewes where 
constitutive effects are appreciable, the results obtained have been 
irregular and of little comparative value. 

For these reasons previous comparisons of open-chain and cyclic 
analogues are untrustworthy, but attention may be caJled to a few 
oi the more prominent results that have been obtained. 

Point . — By comparing the boiling points of corresponding 
closed- and open-chain hydrocarbons, alcohols, and acids, it is clear 
that although in every case the cyclic compound has the higher 
boiling point, no definite variation of the difference between cydo- 
paraSin and paraffin derivative is noticeable. 

^tfractivity.—Vnis property being, after molecular mass, the 
least constitutive of physical properties, it is only in the cases of 
the two- and three-member ed rings that any marked abnormalities 
due to ring-strain are encountered. Briibl, for example, has shown 
(Zeitsch. physikal. Chem., 1891, 7, 179) that the observed molecular 
refractivities of unsaturated compounds are higher by about 1*8 
than the calculated values. 

The same worker, and also Tschugaev and Zelinski, have shown 
a similar, although smaller, anomaly in the three-membered rings. 

The average value of this anomaly for cyclopropane derivatives 
is smaller than for ethylenic compounds, averaging about 0‘82. 

In the cycJobutane series little evidence is available, but Briilil 
(Ber.y 1899, 32, 1222) states that cyc?obutanecarboxylic acid shows 
an anomaly of 0‘53. This result may be slightly too high, but it 
clearly falls below the average anomaly in the trim ethylene deriv- 
atives. 

The five- and six-membered systems possess the least internal 
strain according to Baeyer's theory, and accordingly very small 
anomalies in the molecular refractive power are found here. 

Beyond the cycZohexane series the only compounds examined have 
been the hydrocarbons and the ketones. 

The variation of anomaly through the complete series of ring- 
systems from ethylene to cyc?ooctane can be indicated to some 
extent by approximately averaging the values that have been 
obtained. 

T^ls I. 


Ring system. A, 

Ethylene -f 1*84 average of 19 cases. 

cycloPropane 4- 0*82 „ 6 „ 

cycioButane -fOSS „ 1 

cyctoPentane +004 „ 2 ,, 

cyctoHexane 4-0-04 „ 2 „ 

cycfoHeptane —0-06 „ 2 „ 

cycZoOctane —0-30 „ 2 „ 



2006 THOI.E : THE EFFECT OF KING-FOBMATION ON VISCOSITY. 

This continuous transition is paralleled by the figures fof 
molecular volume and viscosity. 

Molecular The figures quoted below (Willstatter and 

Bruce, Ber., 1907, 40 , 3981) indicate again the striking regular 
variation in the difference between closed- and open-chain analogues. 
The results for the two- and three-membered rings are not, of 
course, drawn from the same series as the others, but they appear 
to fall into line with those drawn from the simple cyc^o-paraffiua 
themselves. 

Table II. 


Substance. 

Mol. Vol. 

A. 

Substance. 

Mol. Vol. 

Hexane 

.. 130-4 

-7-8 

Hexene 

. 122-6 

Menthone . . . 

.. 172-0 

130 

Carone 

. 169-0 

Butane 

.. 96-5 

17-5 

eyeZoButane 

. 79-0 

Pentane 

.. 112-4 

21-3 

c^/eZoPentane .. 

. 9M 

Hexane 

.. 127-2 

22-0 

cycZoHexazie . . 

,. 105-2 

Heptane 

.. 142-5 

24-5 

cyc/oHeptane . 

.. 118-0 

Octane 

.. 158-3 

27-4 

cycZoOctane . . 

,. 130-9 


Magnetic Eotaiory FQwer.—~ln magnetic rotatory power is found 
a property which is much more constitutive than those previously 
dealt with, and one might have hoped for some decisive results of 
ring-strain. Unfortunately no work has been done in connexion 
with rings beyond cz/cZohexane, and the lower ring-compounds have 
been compared in many cases with substances of not strictly com- 
parable constitution. Thus cyc^opropanecarboxylic acid, which 
should be compared with isobutyric acid, has been compared with 
formic acid and with n-butyric acid, the resulting anomalies for the 
formation of three-membered rings being widely different. The 
general sense of the anomaly is shown in the following table : 

Table III. 

Substance. Mol. Vol. A. Substance. Mol. Vol. 

*Hexane 6-670 -f- 0-803 Hexene 7-473 

n-Butyrio acid ... 4-141 —0-331 cycZo Propanecarboxylie acid . 4-472 

n-Valeric acid ... 5-513 —0-465 cycioButanecarboxylic acid ... 5-048 

n-Hexoio acid ... 6-530 —0-639 cycZoPentanecarboxylic acid ... 5-891 

n-Hexane 6-646 —0-982 cyc^oHexane 5'6()4 

* The x^alue of A for the two-tiiembered ring varies from +0'44 to -f 1‘21. 

The general tendency noticed before for the anomaly to increase 
steadily through the series is apparent in this case also, although 
it is rather confused by illegitimate comparisons which affect this 
property more than those less constitutive ones previously men- 
tioned. 

In determining the effect of ring-formation on viscosity the very 
constitutive nature of this property has been borne in mind, and 
care has been taken to compare closed- and open-chain compounds 
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of ae nearly as possible the same type, cyclic secondary alcohols, 
for example, being compared with open-chain secondary alcohols, 
and not with primary alcohols. It would, of course, have been 
desirable if possible to deal with a few standard types and 
compare the homologous members of such a series. Unfortun- 
ately this is practically impossible, and so this has only been done 
intermittently, as, for example, in the carboxylic acids of the three-, 
four-, and six-membered rings and the ketones of the five-, six-, and 
seven-membered rings. In some cases alternative open-chain com- 
pounds present themselves for comparieon, and usually two of these 
have b^n prepared and investigated, hence affording further 
evidence of the effect of symmetry on viscosity. 

The substances used in the investigation have with few excep- 
tions been prepared by standard methods, but in some cases two or 
three methods have been tried in order to obtain the best yields, 
The open-chain acids were all prepared from ethyl malonate, and 
the ketones from ethyl acetoacetate. 

cyclo/’ropttnc jS^^ries. — The acids and esters of cyclopropane were 
prepared by Perkin*s method from ethylene dibromide and ethyl 
cyanoacetate, the yields being very poor. The older method, using 
ethyl malonate, was first tried, but it compares very unfavourably 
with the cyanoacetic ester method, both as regards yield and 
manipulative dif&culties. 

Ethyl l-acetylcyc^opropaue-l-carboxylate was prepared by heat- 
ing ethyl sodioacetoacetate with ethylene dibroraicle under pressure, 
and fractionally hydrolysing the product. 

cyclo^wiane Senes. — -Here again ethyl cyanoacetate yields far 
better results than ethyl malonate on condensation with tri- 
methylene bromide. 

cycloPenfan-e Series . — The only simple compounds of ct/clo- 
pentane which were easily obtainable were cyclop entanone and its 
carboxylic ester, the starting point in each case being adipic acid. 
This acid is easily obtained in 80 per cent, yield by oxidising 
c^c^ohexanol with alkaline permanganate (Ber., 1908, 41, 575). 

Ethyl cyc?opentanonecarboxylate was prepared by Dieckmann's 
method of heating ethyl adipate with sodium. ■ cyc^oPentanone can 
be obtained by hydrolysing this ester, but a much better yield is 
obtained by distilling in small portions a mixture of calcium 
adipate and iron filings. No advantage was found when the 
operation was carried out below atmospheric pressure. 

In this series pyrrolidine may also be mentioned. This was 
prepared by internal condensation of S-chlorobutyl amine, which 
was in turn prepared by von Braun's method from the phenoxy- 
compmmd. It was dried by repeated distillation over sodium. 
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vidoHtxant THe majority of the compounds m tliis 

series were purchased and purified by suitable meam. ^cioHexsne. 
carboxylic acid was prepared with some difficulty by r^ucmg 
benzoic acid with sodium and amyl alcohol, and removing the 
di- and tetra-hydro-acida produced with ice-cold neutral pennaa 
ganate. The preparation is laborious, and the yield poor, but tb 

acid obtained is pure, ^ • v -ai. i u i 

The eeter was prepared by heating the acid with alcohol and 

*''Te*tr”hY*™uinolme was prepared by reduction of quinoline wit], 
tin and hydrochloric acid and freed from unreduced quinoline hy 
conversion into the cryetalline benzoyl derivative, which was then 
hydrolysed with hydrochloric acid. 

Of the open-chain compounds, ethylpropylamine was prepared 
from ethylamine and propyl bromide and butylbenzene and 
o-propyltoluene by the Fittig method. In the last two cases tie 
yields were exceptionally poor. The hexanols were kindly lent t, 
Dr. Pickard, and had been examined in connexion with another 

’'"oydo'ffepian.e Series.^lho only practicable starting point tor 
synfteses in the cyrioheptane series is the costly suberic acid, the 
calcium salt of which on distillation gives a 10 per cent, yield of 
cyc/obeptanobe, It was therefore not possible to extend examina- 
tion of this series beyond the ketone suberone, which was prepared 
as stated above and purified by means of the bisulphite compound, 
It was compared with dipropyl ketone and metbyl amyl ketone. 

It is interesting to trace the relation between rmg'Strain and 
ease of preparation of the cyclic compounds. The yield of cyr/o- 
propane-l : l-dicarboxylic acid from ethyl cyanoacetate is much 
smaller than in the case of the ^yc^obutane derivative, and whereas 
the yield of eyeZopentanone from calcium adipate wa^ about 50 per 
cent, of the theoretical, with cyt^oheptanone the yield was about 

12 per cent. . . . 

The viscosities were determined at 25° except in the^ case oi 
cyc/ohexanecarboxylic acid and its aliphatic analogue, which were 
examined at 50°, The apparatus and method of observation have 
been described in a previous paper (T., 1913, 103, 22), but owing 
to the widely different viscosities to be measured (ranging from 
0*003 to 0*5), a new method of calibrating the viscometer bad o 

be used. , , -rr- 

Calibration of the Viscometer. 

It is well known that the Poiseuille law, modified 


form of for a liquid flowing under its own hydrostatic 
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pressure is only obeyed when the time of flow is comparatively 
large, and many investigations have been made on the variation 
pf the time of flow produced by alterations in the driving pressure. 

Griineisen in particular, using the Ostwald type of viscometer, 
has made a very thorough examination of the variation of p,ty as 
the time is reduced by increasing p and by plotting p . t against t 
has shown that below a certain value for t the “ constant ” p . t 
begins to increase at first slowly and then more and more rapidly. 

In carrying out viscosity determinations most investigators use 
the Ostwald type of viscometer, in which a liquid flows under its 
own hydrostatic pressure, and calculate the viscosity from the 
equation r}=^K.d,t, the constant K of the instrument being 
obtained by using a liquid the absolute viscosity of which is accu- 
rately known. This method has the advantage of not requiring 
any compressed air reservoirs, manometers, or other complicated 
means of producing an artificial driving pressure, but the absence of 
these, of course, prevents the determination of a p . i-time curve 
to find if the instrument is obeying Poiseuille’s law under the 
experimental conditions of work. This can be tested, however, 
much more easily than by Griineisen’s method by using a series of 
liquids of known viscosities for calibrating the viscometer. ^ 

If the Poiseuille law holds in each case, the ''viscometer con- 
stant’" K will have the same value, but if K becomes smaller as 
the time of flow diminishes, the time of flow is evidently below the 
critical value necessary for the strict application of the equation 
jj^Constantx c?. 

Two courses are then open. In the first place the capillary may 
be reduced in diameter until the time of flow for all the liquids 
employed is above the critical value, and G is strictly a constant. 
This is perhaps the most desirable method if the liquids which are 
to be used in the viscometer have viscosities of the same order of 
magnitude. In many investigations, however, liquids of very 
widely different viscosities must be examined, and if the most 
mobile liquid had a time of flow as near as possible to the “ critical 
time,” the most viscous liquid might have a transpiration time of 
several hours. In such a case one is compelled either to use several 
viscometers with capillaries of dimensions suitable to the viscosities 
of the liquids examined in them, or, more conveniently, to work 
with a single viscometer of such construction that of the substances 
employed all but the very mobile follow the Poiseuille law. The 
“constants” corresponding with times below the critical time may 
be found by plotting a “ calibration curve ” between K and time 
of flow, using liquids of known viscosity, and this method has 
been employed in the present research. The type of curve obtained 
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is shown in tEe figure, the logarithm of K being plotted as it is the 
quantity employed in the calculation of viscosity. 

Suitable liquids for constructing the calibration curve of a visc^). 
meter, arranged in order of increasing time of flow, are methy] 
iodide, ethyl iodide, chloroform, acetone, toluene, ben 2 ene, ethykue 
dibromide, ethyl alcohol, 7i-propyl alcohol, and mbutyl alcohol. 

Water is not a suitable material for calibration purposes owing 
to its great tendency to flow irregularly over all but the most 
scrupulously clean glass. The viscosities of these liquids are 
ob^ned from Thorpe and Rodger’s tables, and the extreme accu- 
racy of the values is indicated by the excellent a^eement of the 
constants obtained for times of flow above the critical time. This 
critical time will, of course, depend on the constructional details 


4*3800 


4-3400 

% 

c 

4^3000 


of the viscometer, but with the types used by the author scaicely 
ever exceeds two minutes. 

The actual figures for typical instruments may be quoted : 


Time of flow in seconds. Log K, 



Visco- 

A^isco- 

Visco- 

Visco- 

Viaco- 

Visco- 

Calibrating Vis- 

meter 

meter 

meter 

meter 

meter 

meter 

liquid. cosity.,r,o. 

A. 

£. 

0, 

A, 

B. 

C 

Methyl iodide 0 004G55 

11-0 

— 

— 

4-2720 

— 


Ethyl iodide. 0-00555 

13-6 

— 

— 

4-3280 

— 

— 

Chloroform... 0-00535 

16-2 

264-2 

67-6 

4-3491 

.5*1365 

.5-7297 

Acetone 0-00307 

17-2 

284-7 

72-2 

4-3542 

5*1363 

5-7320 

Toluene 0-00551 

26-6 

— 

118-5 

4-3805 

— 

5*7324 

Benzene 0-00602 

28-5 

503-0 

127-4 

4-3822 

5-1366 

.5*7331 

Ethyl alcohol 0-0108 

.'360.5 

— 

2.54-3 

4-3896 

— 

5-7329 

«-Propyl 

alcohol 0-0199 

101-0 



4-3883 


— 

fjoButyl 

alcohol 0-0336 

172-0 

— 



4*3872 

— 

— 
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Titm of flow in seconds { Viscometer A). 
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Th© values of log .K for viscometer A above the critical time 
jre not in very good agreement, but this is an extreme case, the 
time of flow for this viscometer being extremely small. Viscometers 
i? and are the types generally used. 

The numerical results are summarised below, the viscosities for 
the allyl and propyl compounds being drawn from Thorpe and 
Rodger's data. 

^ Table IV. 


Cyclic. 


Substance. Viscosity. 

Allyl chloride 0 00314 

Allyl bromide 0 00472 

Allyl iodide .t . . . 0-00689 

Allyl alcohol 0-0124 

Ethyl (^ciopropane-l : 1- 

dicarboxylate 0-0236 

curioPropanecarboxy> 

lie acid 0-0298 

Ethyl cyclopropane' 

carboxylate 0’0098 

Ethyl l-acetylcyc/opro- 
pane- 1 -carboxylate 0-0173 \ 

Carone 0 0339 

Ethyl (^eZobutane- I 

1 ;)l-dicarboxylate.,. 0'0261 j 

cycfoButanecarboxyiic 

acid 0-0245 

Ethyl cycfobutanecarb- 
oxylate 0*00996 

cyc^oPentonono 0-0107 

Ethyl eyefopentanone- 

l-carboxylate 0-0350 

Pyrrolidine 0-00697 

cyricHexone 0-00894 

cycfeHexanone 0-0280 

cycioHexanol 0-500 

cyrioHexanecarboxyiic 

acid 0-0838 [50“]: 

Ethyl cyclohexane- j 

carboxylate 0-0179 1 

Piperidine 0-0137 | 


Tctrahydronaphtbalene 0-0214 
Tetrahydroquinoline . 0*0828 
cycloHeptonoue 0-0259 


Open -chain. 

Substcmce. Viscosity. 

n- Propyl chloride ... 
n- Propyl bromide ... 

n-Propyl iodide 

n-Propyl alcohol 

. 0-00335 
. 0-00492 
. 0-00699 
. 0-0199 

Ethyl dimethyl- 

malonate 

isoButyric acid 

. 0-0195 
.. 0-0122 

Ethyl isobutyrate. .... 

. 0 00557 

Ethyl dimethylaceto- 

acetate 

Menthone 

0-0160 
,. 0-0231 

Ethyl methylethyl- 
malonate 

. 0-0247 


w-Methylbutyric acid . 0-0177 
Ethyl a-methylbutyrate 0-00676 

n-Methyl propyl ketone 0-00473 

Diethyl ketone 0-00442 

Ethyl ethylaceto- 

acetate 0*0169 

Diefchylamine 0*00311 

n-Hexane 0-00305 

I Ethyl w-propyl ketone 0-00550 
t Methyl n-butyl ketone 0*00584 
Methyl n-butylcarbinol 0-0398 
o-Ethylvaleric acid ... 0-0206150'^] 
00380 [25"] 

Ethyl a-ethylvalerate 0-00905 

Ethyl-n -propylamine . 0-00903 

rt-Butyibenzeno 0-00105 

<?-Propyltoluene 0*0102 

n-Propylaniline 0-0253 

Ethyl -o-tolui dine 0-0200 

Dipropyl ketone 0-00685 

Methyl ?i-amyl ketone 0-00766 


The most obvious conclusion to be drawn from the above table is 
that, except in the ethane series, cyclic compounds have invari- 
ably a higher viscosity than their open-chain analogues, in spite of 
their deficit of two hydrogen atoms. In the cyc^oethane compounds 
the closed- and open-chain substances have almost equal viscosities, 
but Thorpe and Eodger (Phil Trans,, ISH, 186, 397) and Dunstan 
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and Thole (T., 1913, 103, 132) have shown that after making 
due allowance for the two hydrogen atoms the viscosity effect of tte 
double linking is positive. 

Considering the values for the separate ring-systems it is clear 
that in the smaller rings the difference between closed- and open- 
chain compound is slight, but on ascending the series the divergence 
increases. Ethylenic compounds, for example, have in many cases 
a very slightly lower viscosity than their saturated analogues j the 
cyclopropane derivatives are slightly more viscous than the corre- 
sponding propane compounds, and the divergence increases steadily 
to the cyciohexane series where the cyclic compound has a viscosity 
from three to five times that of the open-chain analogue. Unfor- 
tunately only one cyc/oheptane compound was available, so definite 
conclusions cannot safely be drawn, but in here also the viscosity 
exaltation is very great. Comparison of the exaltation in the 
ketones eye ?opentanone, cyc/ohexanone, and cyc/oheptanone shows 
clearly that the value with cy c^oheptanone is only slightly less than 
with cyclohexanone, and much greater than with cyc^opentanone, 

It appears probable, in fact, that viscosity falls into line with the 
other physical properties in showing an anomaly which increases 
as the series is ascended, no reversal of this taking place as one 
passes the five-membered ring. 

Whether this increasing anomaly in viscosity persists in still 
higher ring-systems can, of course, only be determined when more 
experimental material is available, and to this end experiments 
are now in progress for the synthesis of arids and esters of the 
higher eyeZo-paraffins. 

It is not altogether easy to suggest a reason for the high viscosity 
of the closed-ring compounds. It is possible that such molecules 
have a much more rigid structure than the open-chain compounds, 
and therefore one might expect a greater difficulty in flowing, a 
difficulty which would naturally increase with the size of the rigid 
structure. 

Attention may be drawn to the interesting additional evidence 
of the effect of symmetry on viscosity, a point which the author 
has previously demonstrated (T., 1912, 101, 1011). 

Five cases of isomeric pairs are indicated in table IV, and of 
each pair the more symmetrical compound is the less viscous. 

The author desires to express his indebtedness to the Kesearch 
Grant Committee of the Chemical Society for a grant which has 
covered much of the cost of the investigation. 

Tjechnioal College, 

East Ham. 
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CLXX’XVIL — Oxidation of Papaveraldine 
Methosulpkateu . 

By Fredebick Alfred Mason and William Henry Perkin, jun. 

During the examination of the behaviour of the alkaloids towards 
oxidising agents, one of the chief experimental difficulties which is 
eo frequently encountered when alkaline oxidising agents must be 
used is the insolubility of most of the alkaloids in aqueous liquids. 

It thus happens for example, where potassium permanganate ia 
employed— that some of the alkaloid becomes entangled in the 
hydrated manganese dioxide, and escapes oxidation, whereas the 
part which is attacked being converted into more soluble substances, 
potassium salts, etc., is exposed to the further action of the oxidis^ 
ing agent, and yields degradation products of comparatively small 
molecular weight and often much oxalic acid. It is mainly for this 
reason that it has frequently been found so difficult to isolate the 
initial product of the action of the oxidising agent on the alkaloid, 
and that, in its place, a variety of degradation products derived 
from one or the other half of its molecule are the only substances 
which can be discovered. 

This difficulty may sometimes be overcome by oxidising the 
alkaloid in dry acetone solution with solid permanganate, but this 
process is only applicable to special cases, and is sometimes quite 
unsuccessful. 

The conditions required fpr successful oxidation by permanganate 
in weak alkaline solution are obviously that a derivative of the 
alkaloid should be employed which is readily soluble in water, and 
is not decomposed by weak alkalis. While considering these condi- 
tions, it occurred to one of us that the ideal derivatives for this 
purpose are probably the methosulphates of the alkaloids, since 
these are easily prepared, and are usually soluble and not decom- 
posed except by concentrated alkali. In order to teat this possi- 
bility, experiments on the oxidation of the methosulphates of 
several of the leading alkaloids have been undertaken, and one of 
the first to be investigated has been papaveraldine (xanthaline), of 
which, owing to the generosity of Messrs. T. and H. Smith, we 
happened to have a omsiderable supply. We desire again to 
thank this firm and Dr. Dey, the managing director, for the gift of 
large quantities of valuable material and the interest they have 
taken in these researches. Papaveraldine methoaulphate may be 
prepared readily and quantitatively by simply mixing the com- 
ponents; it is a crystalline substance (p. 2016 ), very readily soluble 
m water, and is not decomposed by dilute alkali. When, however, 
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it is heated with concentrated potassium hydroxide, it suffers 
fission into veratric acid and Zii-dimtthoxyhoquinoUnt mtth- 
hydroxide : 

OMe 

/'^OMe 


OMe 

,^OMe 


CO 


I 


MeO 


Y 

COjH 

MeoYi^'^N.MeOH 

MeOl I 


The oxidation of papaveraldine methosulphate by alkaline per- 
manganate proceeds quite readily at the ordinary temperature, and 
leads to the formation of veratric acid and of three other main 
products, which are called A, By and G in the experimental part 
of this paper (p. 2018). 

The substance ^ is a crystalline acid of the formula 

which melts at 107°, and the investigation of this acid seems to us 
to prove conclusively that it is Z'A-dimethoxy-^-methylcarhamyV 
phenylglyoxylic acid (I). This glyoxylic acid dissolves in hydro- 
chloric acid, and, if the solution is boiled, crystallisation soon 
commences and 1:3: : l-dimethoxy-^-methylA :2:3:4- 

teirahydroi&oquinoline (II) separates in bright yellow needles. 
When the glyoxylic acid is digested with dilute nitric acid it is 
partly oxidised, and a crystalline substance melting at 267° ig 
formed, which investigation hae shown to be m-hemipinmethylimidt 
(III), and the same change takes place when the acid is treated 
with other oxidising agents, such as bromine water or perman- 
ganate * : 


* In this connexion it is of interest to notice that Freniid {Ber., 1899, 22, 456, 
1156, 2322, 2329; Annalen, 1892, 271, 320) has observed that hydrastine, when 
oxidised ^vitii permanganate, yields hydrastinic acid and tliat this acid is oxidised by 
nitric acid to the raethylimide of hydrastic acid : 



CO'XHMe 


comH 


0 


CO 


CH. r ] NMe 

\/\/\/ 

0 CO 


and also that Freund and Beck 1904, 37, 1942) have (prepared the parent 

substance of II from A^-methyltetrahydrois'Ofjuinoline by oxidation with chromic acid: 
CHo CO 


\/\/ 

CHg 


Jle 

;cH, 


\/\/ 

CO 


NMc 

CO 
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iltO; 

ileU' 


CO'NHMe 


X/^CO-OOgH 

(I.) 


CO 

AleOt A JCO 


00 


(II.) 


CO 

MeoX\/X 

MeO' 


xNMe 


00 

(III.) 


Since m-hemipinmethyliinide had not previoiusly been described^ 
\*e prepared it by distilling the methylamine salt of Tn-hemipinic 
dd (p. 2021), and find that it melts at 266- -267° and tliat it is 
deutical, not only with the substance obtained from the glyoxylic 
cid as described above, but also with B, which is one of the 
ubstauccs formed during the oxidation of papaveraldinc metho- 
ulphate with permanganate. When the glyoxylic acid is reduced 
,y sodium amalgam or by tin and hydrochloric acid, it is doubtless 
11 the first place converted into the corresponding glycollic acid 
[V), but this undergoes internal condensation with loss of water, 
ud yields S-A-dimethox^phthalimidine-Vcarhoxylic acid (V). This 
iiteresting acid melts at 147 — 150° with gradual decomposition, 
nd when it is heated at 170 — 180° the change is rapid, carbon 
lioxide is eliminated, and Z'A-dimethoxyphthalimidine (VI) is 
iroduced, a substance which melts at 145 — 146°, and is oxidised 
ly acid permanganate to m-hemipinmethylimide (III) : 


.CO-NHMe 

laO,^ MeO 

-leO’, k MeO. 

^CH(0H)-C02H 

(IV.) 


CO 

NMe 

/\/ 

CH-CO,H 

(V.) 


CO 

MeO. 


I NMe 

x/ 

CH, 


(VI.) 


The substance (7, which under certain conditions (p, 2021) is 
(reduced in large quantity during the oxidation of papaveraldine 
QCthosulphate with permanganate, is a base, characterised by the 
iisolubility of its hydrochloride in hydrochloric acid. Examination 
las shown that this base is 6 : 7-dimethoxy-2-methyKsocarbostyril 
VII), a substance which had already been obtained by Pschorr and 
ly Decker and Koch (compare p. 2022), and it is further character- 
sed by the fact that it yields a crystalline nitro-derivative, of 
he probable constitution (VIII), which has been prepared by 
■Viuaii (T., 1910, 97, 270) by a diSerent process, and melts at 
ibout 246° : 


CO 

Me0/\/\NMe 

m.o^/^^ch 

OH 

(vn.) 


CO 

MeoXX/X^Me 

MeO^/X^CH 

NO 2 CH 
(VIII). 
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Since it is clear that 3;4-( 
oxylic acid iniist be derived from the dimethoxywoquinoline portion 
of the molecule of papaveraldine, it seemed interesting to determine 
whether the same acid could be obtained from dimethoxyz'ioqijjj^^ 
line itself by a similar process of oxidation. In order to test this 
the base (compare T., 1911, 99 , 135) was combined with methyl 
sulphate, and the crystalline additive product oxidised witb pet- 
iiianganate \inder the conditions given in detail on p. 2023, when 
it was found that the product of oxidation contained considerabh 
quantities of the glyoxylic acid. 


Experimental. 

Pa^avercddint Methosiil^hatt, 

This substance is readily prepared by thoroughly mixing pap^. 
veraldine (50 grams) with pure methyl sulphate (50 grams) in a 
mortar, when a yellow paste is formed which is then transferred to 
a beaker and heated on the steam-bath until a clear, deep yellow 
syrup is produced. Methyl alcohol (80 c.c.) is then added, the 
solution well stirred and allowed to remain for about an hour untO 
the whole has set to a thick, microcrystalline paste. 

The methosulphale is collected, washed with a little methyl 
alcohol, drained on porous porcelain, and dried in the steam-bath. 

Eor analysis, the substance was recrystallised from methyl 
alcohol, from which it separates as a lemon-yellow, microcrystalline 
powder containing approximately one molecule of methyl alcohol of 
crystallisation : 

0-5897 lost 0-0308 at 100<^. MeOH=5-2. 

C2oiri905N, ¥62804, MeOH requires MeOH=6'3 per cent. 

0-2326 t gave 0-4638 CO^ and 0*1070 HgO. 0 = 54*4; H = 5*l. 

0-2013 1 „ 0*1033 BaSOi. S=7*0* 

C0.2H25O9NS requires C=55*l; H=5*2; S=6*6 per cent. 

raimvcraldinc methosulphale is readily soluble in water or boil- 
ing methyl or ethyl alcohols, but sparingly so in chloroform or 
benzene. 

Potassium hydroxide, when added to the aqueous solution, pro- 
duces an orange precipitate which dissolves in excess of the alkali, 
and when the orange solution is boiled hydrolysis takes place witli 
the formation of veratric acid and a basic substance, which is 
probably dim ethoxyii'o quinoline methobydroxide. 

After heating for half an hour on the steam-bath, the product 
was filtered from a small amount of tar and mixed with excess ot 
hydrochloric acid, when an immediate precipitate of veratric acid 

* Air-dried, 


I Dried at 100®, 
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^as obtained, and, after removing this, the filtrate was nearly 
jeutralised and concentrated on the steam-bath. The filtrate from 
he inorganic salts was then allowed to evaporate to dryness over 
jotassium hydi’c^id® ^ vacuum, when a mass of bufi crystals 
Resulted, and, after crystallising several times from 90 per cent, 
ilcohol, the substance was obtained in lemon-yellow spherules, 
ffhich, when rapidly heated, melted at 267 — 259°. 

On examination, this substance proved to be the hydrogen 
lulfhate of ^‘J-dimethoxy-'^-methylisoqmnoline: 

CH 


MeO 

MeO 


/\/v 


\/\^ 

CH 


NMe-HSO, 

CH 


[compare p. 20U) : 

01664 gave 0‘1246 BaS04. 804=31*3. 

Cj 2 Hi 402K,HS04 requires 804 = 31*9 per cent. 

The platinichloride was prepared in the usual manner, and 
analysed : 

0*1675 gave 0‘0396 Pt. Pt=23*6. 

(C.32H]402N)2,H2PtCl6 requires Pti=23'8 per cent. 

The identity of the substance was further confirmed by the pre- 
paration of the picrate, which separated from boiling water in 
lemon-yellow needles, melted at 221 — 223°, and was identical with 
the picrate prepared from a pure specimen of dimethoxy«Voquiuoline 
ttietho sulphate (p. 2023). 


Oxidation of Papaveratdine Methosulphaie. 

In carrying out this operation, the methosulphate (50 grams), 
dissolved in water (500 c.c.), was mixed with concentrated aqueous 
potassium hydroxide (25 grams KOH), and then a cold saturated 
“olution of permanganate, corresponding with four atoms of oxygen 
40 grams) was gradually added, the whole being cooled from time 
0 time so that the temperature did not rise above 30°. As soon 
IS the decolorisation of the permanganate was complete, the product 
vas heated on the steam-bath, filtered, and the filtrate and wasli- 
ngs of the manganese precipitate cooled and mixed with excess of 
lydrochloric acid, when, in a few minutes, the pale yellow liquid 
lecame pasty owing to the separation of veratric acid, 
C6H3(Me0)2*C02H. 

This was removed by filtration, and the filtrate allowed to remain 
n the ice-chest for twelve hours, during which a considerable crop 
!)f a substance (A, p. 2018) separated in glistening, colourless plates, 
md was collected and washed with a little water. The mother 
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liquor was neutralised with dilute potassium hydroxide, and cqq 
centra ted considerably by distillation under diminished pressure 
when, on keeping, a mass of feathery crystals separated (5, p. 2020)' 
The filtrate from these crystals was then evaporated nearly to 
dryness, and the residue extracted twice with hot alcohol, tliQ 
potassium chloride was removed by filtration, washed with alcohol 
and the filtrate and washings evaporated from the eteam-bath under 
diminished pressure, when a viscid, brown syrup remained. 
this syrup was stirred with a little concentrated hydrochloric acid 
it became semi-solid owing to the separation of a pale buff mass of 
minute, felted needles ((7, p. 2021), which were collected and drained 
on porous porcelain. 


3 ’A-Dimfthoxu-^-jfitthylcarhamyl'phenylglyoxylic Add^ 


C„Hs(MeO),< 


CO-NHMe 
CO'COaH • 


The substance (il), obtained by the oxidation of papaveraldine 
inethosulphate in the manner just described, was several times 
recrystallised from water and dried in a vacuum desiccator : 

0-3135 gave 0-5408 CO. and 0-1610 H 2 O. C-47-1; H-5-7.^^ 

0-6686 „ 27-2 c.c. No at 16° and 758 mm. N-4-7. 

Ci 2 Hj 30 eN, 2 H 20 requires C-47-5; H-5-6; N = 4-6 per cent. 

Titmtio/i. — 0-6032, dissolved in water, required 20-8 c.c. 
A^'/lO-NaOH for neutralisation, whereas this amount of a mono- 
basic acid, CjgHj-OgN, should neutralise 19-9 c.c. The water of 
crystallisation was determined by heating a weighed quantity of 
the substance at 190° by means of a glycerol bath in a small flask 
connected with a calcium chloride absorption tube, while a stream 
of dry air was passed, when 1-1590 lost 0-2050, whereas the calcu- 
lated loss is 0-2065. 

3 : i-Dimethoxy-Q-mdhylnarh amyl •phenyl glyoxy lie acid melts at 
107°, with evolution of gae, to a yellow syrup ; it is sparingly soluble 
in cold, but readily so in hot, water; it also dissolves readily in 
methyl and ethyl alcohols and in acetone, but is sparingly soluble 
in benzene and almost insoluble in light petroleum. This acid floes 
not appear to yield an acetyl or nifcroso^ierivative, and it exhibits 
remarkable stability to the action of alkalis, since it is only slowlv 
decomposed with evolution of methylamine when it is boiled witli 
concentrated potassium hydroxide, and then profound decomposi- 
tion takes place, so that it was not found possible to isolate 
dimethoxycarboxypheiiylglyoxylic acid from the alkaline solution 
When this solution was acidiM and extracted with ether, a sub- 
stance was obtained which gave an intense coloration wtli 
* Another analysis gave C=47‘0; H = 5*7, 
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ferric chloride and showed similarity to nor-m'heinipinic acid, 
C6H.2(OH)2(C02H)2. 

3 ; i. Dimethoxy'phthaHmidine-l-carhoxylic A cid, 
OnH2(MeO)2<^^QQ^^^NM0, 

The reduction of dimethoxymethylcarbamylphenylglyoxylic acid 
may be brought about by adding granulated tin and a drop of 
platinic chloride to the solution of the acid in concentrated hydro- 
chloric acid, when, after heating for a few minutes, a mass of hair- 
like needles separates and melts at 147 — 150°. A better method of 
preparation is t>o dissolve the glyoxylic acid in dilute sodium 
carbonate, add excess of freshly prepared 3 per cent, sodium amal- 
pam, and, after allowing to remain for several hours with frequent 
stirring, to acidify, when the new acid separates in an almost pure 

condition. 

For analysis the substance was recrystallised from water and 
dried in the steam-bath : 

0-1158 gave 0‘2425 CO 2 and 0-0550 HgO. C-57-1; H-5-3. 

0-2070 „ 9'0 c.c. N 2 at 10° and 763 mm. N=:5'2. 

C 12 H 13 O 5 N requires C=57-3; H=5‘l; N = 5*6 per cent. 

3 : i-Dimethoxy-Q-phthalirnidine-l-carhoxyUc acid melts at 
147 — 150° with gradual evolution of carbon dioxide and formation 
of 3 : 4 -dimethoxyphthalimidine ; it is readily soluble in hot water, 
and separates on cooling as a felted mass of slender needlee. 


^ -A-Dimethoxy phthalimidine, 


Cli, 

NMe. 

/ 

CO 


When 3 ; 4-dimethoxyphthalimidine-l -carboxylic acid is heated at 
170—180° it rapidly loses carbon dioxide, and a substance is left 
which separates from a little water as a compact mass of felted 
needles : 

0-1637 gave 0-3813 CO .2 and 0 0952 HgO. 0-63*5; H = 6’5. 

0-2292 ,, 13'5 c.c. N 2 at 17° and 745 mm. N— 6 * 6 . 

Ci^HigOgN requires C-63-7; H-6'3; N = 6-7 per cent. 

ZA-Dimethoxyphthalimidine melts at 145 — 146°, and is sparingly 
soluble in cold, but readily so in hot, water; it dissolves readily 
in hot benzene, and separatee on cooling in needles; it has basic 
properties, and dissolves in dilute mineral acids. This substance 
closely resembles A-methylphthalimidine, which Graebe and Pictet 
1884, 17 , 1173; compsive A?i)}aleif, 1888, 247 , 303) prepared 
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from potassium phfchalimide by the action of methyl iodide a^d 
reduction of the methylphthalimide so obtained -with tin atid 
hydrochloric acid. This substance is readily oxidised by perinaa. 
ganate to methylphthalimide, and it seemed probable that a 
change would take place in the case of the dimethoxy-derivative. 
In order to test this, dimethoxyphthalimidine (1 gram) was dh 
solved in excess of dilute sulphuric acid and oxidised by % 
addition of pernaanganate (30 c.c. of 3 per cent.), when a colourless 
crystalline substance separated, which was collected, recrystallised 
from benzene, and recognised by its melting point (266—267^) and 
other properties as m-hemipinmethylimide (see below). 


1:3: i-Triketo-^ : l-dmethoxy-’l-mtthylA ; 2 : 3 : i-UtrahydrQ- 


\%QquinoUnt^ 


CO 


MeO* A /CO * 


CO 


3 : 4'Dlmethoxy'6-methylcarbamylpheuylglyoxylic acid dissolves 
moderately readily in concentrated hydrochloric acid, and, on boil- 
ing the colourless solution, it changes to bright yellow ; crystallisa- 
tion soon sets in, and the mass becomes semi-solid. The precipitate 
was collected, reerystallised from alcohol, and dried in the steam- 
bath : 


0T298gav6 0’2721 COg and 0-0532 H^O. C=57'4; H=4 6. 

0‘1298 „ 9-6 c.c. N 2 at 18° and 765 mm. N = 6'0. 

Ci^Hi^O^N requires C=57'8; H-4-4; N=5'6 per cent. 

TnkttGdmeilioxymethyltctr(ihydro\s,oquimline melts and decom- 
poses at about 270 — 271°, and is sparingly soluble in water or in 
methyl or ethyl alcohol ; it dissolves in concentrated sulphuric acid, 
yielding an orange-brown solution. It is insoluble in cold sodium 
carbonate, but dissolves on boiling, yielding a colourless solution, 
from which, on addition of hydrochloric acid, dim ethoxy methyl- 
car bamylphenylglyoxylic acid separates. 


m‘Etmipnm etkylimidej 


CO 

MeO! 


NMe, 


\/\/ 

CO 


The substance (B) obtained in small quantity from the product 
of the oxidation of papaveraldine raethosulphate in the mannw 
described on p. 2018, crystallised from acetone in needles, melting 
at 266—267°; 
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0-1399 gav60*3085 COg and 0*0671 H^O. C = 60*l; H=5*3, 

0*1860 ,f ^2 mm. N = 6’6. 

CjiHji 04 N requires C=59*7; H = 5*0j IsT-G’S per cent. 

Yhis analysis and the properties of the substance seemed to 
indicate that it is the inethylimide of m-hemipinic acid, and this 
was proved to be the case by its preparation from dimethoxy- 
methylcarbamylphenyiglyoxylic acid, and subsequently from 
OT-hemipinic aoid. 

When dimethoxymethylcarbamylphenylglyoxylic acid is warmed 
with dilute nitric acid (30 per cent.), a vigorous action takes place, 
and the liquid soon becomes semi-solid owing to the separation of 
a mass of slender, felted needles. These were collected and recrystal- 
lised from benzene or acetone, when the pure substance melted at 

235 267°, and was found to be identical with the substance (5) 

described above (Found: C— 60*0; H = 5'2; N = 6*6 per cent.). It 
was subsequently observed that the glyoxylic acid is converted 
into TO-hemipinmethylimide by the action of other oxidising agents, 
for example, by bromine water or by potassium permanganate in 
the cold, and this explains its occurrence among the products of 
the oxidation of pap averal dine metho sulphate by permanganate. 

i]i~H€7nipin7neth]/limid'e from m-Hejnipinic Add . — Since this 
methylimide does not appear to have been previously described, it 
was prepared by dissolving r/z-hemipinic acid in excess of aqueous 
methylamme, evaporating to dryness, and then distilling the crystal- 
line residue, when water was eliminated and practically the whole 
sublimed in feathery needles. 

The m-hemipinmethylimide thus obtained separated from benzene 
in small needles, melted at 266 — 267°, and was identical with the 
substance {B)^ which had been isolated from the product of the 
oxidation of papaveraldine metho sulphate. It is readily soluble in 
chloroform, but sparingly so in alcohol, benzene, or light petroleum, 
and is almost insoluble in water. The solution in benzene exhibits 
a pale blue fluorescence. 

CO 


MeOi 


6 : 7-Dimethoxy-2-methylisocarhosfynl, 


\NMe 
CH • 


ctr 


One of the substances isolated from the product of the oxidation 
of papaveraldine methosulphate was a huflf-coloured hydrochloride 
(C, p. 2018), and this was purified by solution in water and precipi- 
tation with hydrochloric acid, the ojjeration being repeated until 
the substance was quite colourless. For analysis the substance was 
dried over calcium chloride in a vacuum desiccator (Found, 
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C = 56'8; H = 5-9; N = 5'6; Cl = 13'4. CigHigOgN^HCl requires 
C”56‘4; H=^5'5; ^*=5*4; Cl=13‘9 per cent.). 

The rather high values for carbon and low values for chlorine are 
due to the fact that the substance slowly loses hydrogen chloride in 
a vacuum since the same specimen, after remaining for a week b 
the desiccator, contained only 13*0 per cent, of chlorine. 

This hydrochloride melts at about 183 — 185®, and, when decom- 
posed by alkali, yields the free base, which melts at 109®. There 
can therefore be no doubt that this hydrochloride is the hydro- 
chloride of 6 : 7-dimethoxy-2-methyl«ocarbostyril, and identical witt 
the substance (dimethoxy-iV-methylisoquinoline hydrochloride), 
which Pschorr 1904, 37 , 1932) obtained, together with 

G nitrohomoveratrole, from nitropapaverine methiodide by the action 
of potassium hydroxide. Pschorr states that the hydrochloride melts 
at 185 — 186®, and the free base at 107°, and Decker and Kocli 
{Her., 1905, 38 , 1740; compare ihid,, 1904, 37 , 3401), who 
obtained the same substance from dimethoxywoquinoline metho- 
salts by o^xidation with potassium ferricyanide, also give 185 — 186° 
as the melting point of the hydrochloride and 109 — 110° as the 
melting point of the free base. The most striking property of the 
hydrochloride is the fact that, although it is very readily soluble 
in water, it is almost completely precipitated by excess of hydro- 
chloric acid. The pier ate, prepared from the solution of the hydro 
chloride by the addition of picric acid, was found to melt at 13/° 
which agrees with the melting point observed by Pschorr for the 
picrate of the base prepared by his method. In connexion with the 
formation of dimethoxymethylwocarbostyril from papaveraldine 
methosulphate, we have carried out a series of comparative experi- 
ments with the object of ascertaining the best conditions for its pre 
paration. As the result of these we find that when papaveraldine 
methosulphate (50 grams), dissolved in water (1 litre), is mixed 
with potassium hydroxide (20 grams) and powdered ice and oxidised 
by the gradual addition of permanganate (35 grams) in water 
(1 litre) under substantially the conditions described in detail on 
p. 2017, that the yield of hydrochloride is at least 60 per cent, of 
that theoretically possible, and sometimes considerably more. 

Action of Nitric Acid . — When the hydrochloride is warmed with 
dilute nitric acid (1 in 20), it dissolves, and the dark brown solu- 
tion soon becomes yellow, and deposits a yellow, crystalline precipi- 
tate, This was collected and recrystallised from acetone, in which 
it is sparinely soluble, and was thus obtained as a felted mass of 
lemon-yellow needles; 

0‘1306 gave 0-2608 CO^ and 0*0556 C = 54*5; H=4*7. 

0*0986 „ 9*4 c.c. at 16® and 758 mm. N=10'9. 

requires C = 54*5; H=4*5; N-10*6. 
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This substance is therefore the mononitrcKlerivative; it melte at 
240—241®, and is evidently identical with o(or 8)-nibro-l-keto-6 : 7- 
{iimethoxy-2-methyM ; ^-dihydroisoquinoline, which Pyman (T., 
1910, 97 , 270) obtained by the action of concentrated nitric acid 
on ketodimethoxymethyltetrahydro/soquinoline : 

CO CO 

Meo/^/^NMe MeO/^^^NMe 

CH, NOj CH 

and also on 6 : T-dimethoxy-iY-methyh^oquinoline itself, and which 
softens at 240® and melts at 244 — 245° (corr.). 

Formation of ^‘A-Bimethowy-^-methylcaThamylphenylglyoxylic 
Acid from Dmethoxyi^oquinoUne Methomlphate. 

The dimethoxyisoquinoline required for these experiments was 
prepared from papaveraldine by fusion with potassium hydroxide 
according to the method described by Dobson and Perkin (T., 1911, 
99 , 135). 

In order to prepare the methosulphate, the base (5 grams), dis- 
solved in benzene (30 c.c.), was gradually mixed with a solution of 
methyl sulphate (5 grams) in benzene (10 c.c.), when a pasty mass 
soon formed which was collected, drained on porous porcelain, and 
recrystallised from alcohol : 

0-3222 gave 0-2396 BaSO^. S-10-2. 

C,^Hii 02 N,Me 2 S 04 requires S-10-2 per cent. 

IHmethoxyi^quinoline methosulphate separates from alcohol in 
colourless needles, and melte at about 202 — 203°, It is readily 
soluble in water, acetone, or methyl or ethyl alcohols, but very 
sparingly so in benzene. In studying the oxidation, the metho- 
sulphate (3 grams), dissolved in water (25 c.c.), was mixed with 
potassium hydroxide (1 gram), and, after ice had been added, a 
solution of potassium permanganate (4 grams) in water (50 c.c.) 
was slowly run in, tho whole being vigorously stirred during the 
addition. As soon as the oxidation was complete, the product was 
nearly neutralised with dilute hydrochloric acid, boiled, filtered, 
and the filtrate and washings of the manganese precipitate evapor- 
ated under diminished pressure to about 10 c.c. The deep brown 
liquid was acidified with hydrochloric acid, and allowed to remain 
m the ice-chest, when, a quantity (0*7 gram) of colourless crystals 
separated, which were found to consist of 3 : 1-dimethoxy-G-methyl- 
carbamylphenylglyoxylic acid (p. 2018). 
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Dimeihoxpkoquinoline Veratroyl Ckloridcj 
CH 

.CO'CeH3(OMe)2. 

•Cl 


This interesting substance is readily obtained when dimethoxy- 
tsoqui noline (2 grams), dissolved in dry ether (50 c.c.), is mixed with 
a solution of veratroyl chloride (2 grams) in dry ether (50 c.c.). 

The precipitate which separates immediately is collected and 
recrystallised from alcohol, from which it separates in microscopic 
needles : 

0-3085 gave 0'1124 AgCl. Cl = 9'0. 

C20H20O5NCI requires Cl -9*1 per cent. 

DvnethoxyisDquinoline veratroyl chloride melts indefinitely at 
about 177 — 187° and is sparingly soluble in benzene, but readily 
so in chloroform, and is decomposed on warming with water. It is 
curious that the freshly prepared substance ia bright yellow, but, 
on keeping exposed to the air, soon becomes colourless. This sub- 
stance is isomeric with papaveraldine hydrochloride, hut all 
attempts to convert it into this by isomeric change were unsuc- 
cessful. 

UNJVEr.PiTv Che MICA I, Labouatoky. 

OxFor.D. 


/\/\ 


N< 

CH 


CH 


CLXXXVIIT.— a- and AX-Epicamphor, 

By Reginald Furness and William Henry Perkin, juu. 

In the previous communication (Bredt and Perkin, T., 1913, 103, 
2182) it was shown that /-epicamphor, 

CH^-CH CO 

. I 

CMCg 

CIIg-CMe—CHg 

may be prepared from c?-camphor by several different processes, and 
of these one of the most convenient is the following : 
t:i?-Camphor (I) is converted into camphorcarboxylic acid (II)? 
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this, on electrolytic reduction, yields the isomeric born^lcarboxylic 

acids (III) : 

.CH2 „ XH-CO.H .CH'COgH 

OgHi4<(l,o 8 • 

(I.) (H.) {Ill) 

These acids readily lose water when treated with acetyl chloride 
with the formation of bornylene-3-carboxylic acid (IV) from the 
ester of which, by the action of hydroxylamine in the presence of 
sodium nietb oxide, bornylene-S-hydroxamic acid (V) is obtained : 


C H 


r H /fi-C{OH):N-01I 


(IV.) (V.) 

This hydroxamiu acid readily undergoes intramolecular change 
when it is heated or subjected to the action of toluene-p-sulphonyl 
chloride, and the product, ou distillation with hydrochloric acid in 
a current of steam, yields ?-epicamplior (m. p. 182^; Oj, — 58'2P). 

This process is probably correctly represented by the following 
series of changes : 


.C*C(OH):i^-OH 

Boii)yleiie*3-hydroxaniic acid. 

^C'NH-CO.H 

Bojnyl6ne-3-carbajnic acid. 

^c:nh 

OsHu<yH 


c-n:c:o 

15oriiylei)e-:i -isocyanate. 

3-Amhioboriiyl?ne. 




CO 
1 1 

CH, 


Mljjicainphoi'. 


It will be seen that the conversion of <^-camphor (m. p, 
177—178°; +39-1°) into Z-epicampKor (a^^- 58*21°) has been 
accompanied by a reversal of the sign of rotation. In continuing 
this investigation it was thought that it would be interesting to 
prepare tZ-epi camphor, and this has been rendered possible by the 
generosity of Prof. W. J. Pope, who kindly placed at our disposal 
a quantity of optically pure Z-camphor sufficient for this purpose. 
This was first converted, by the action of sodamide and carbon 
dioxide (compare T., 1913, 103, 2214), into VcamphorcaThoxylic 
ucid, which does not appear to have been previously described. 

The acid obtained in this way crystallised well from water or 
from a mixture of benzene and light petroleum, melted at 
125 — 127°, and 0 8598^ dissolved in ethyl acetate and made up to 
20 c.c., gave -57*4°. 

This acid was reduced electrolytic ally by the process described 
by Bredt and his co-workers (^Anvalen^ 1906, 348, 200; 1909, 366, 
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1) to a mixture of ^borneol carboxylic acids, from which, by the 
action of acetyl chloride and subsequent distillation, l-bornyUnt-^^ 
carboxylic acid was obtained. This acid, like the correspondintr 
tf-acid, was found somewhat difficult to purify; it was recrystallised 
several times from dilute acetic acid and from acetone, and then 
melted at 110 — 112*^, and had, in ethyl acetate, Oj, -144®, whereas 
the rf-acid melts at 112® and has ajj+149‘5°. The ester of this 
acid was next converted into \-hornylene-Zdiydroxamic acid (m. p. 
135 — 136®), and then into ef-epicamphor by the process already 
described in detail in the case of the preparation of Z-epicamphor 
(T., 1913, 103, 2206). After purification by means of the seitit 
carbazoue,* d-epicamphor melted at 182®, and had, in benzene 
solution, aj 5 H-58'4®; tbe semicarbazone melted at 237 — 238°, and 
d-cpicamphoroxime bad m. p. 103° and — 98*9® in benzene 

solution, and these properties, except for the reversal of the sign, 
are practically identical with those of /-epicamphor. 

dVEpicamphor was prepared by mixing the methyl-alcoholic solu- 
tions of equal quantities of d- and /-epicamphor and precipitating 
by the addition of water, but larger quantities were made from 
d\-hormjlene-Z-carhoxylic acid. Tbis acid was obtained by mixing 
t/-bornylene-3-carboxylic acid with an equal amount of the corre- 
sponding /-acid, and crystallising the product from dilute acetic 
acid ; it melted at the same temperature as the active modifications, 
namely, at 110 — 112°, and was converted into <//-opicamphor 
through tlie hydroxamic acid in the usual manner. ^-Epicamphur 
separates from light petroleum (b. p. 50 — 60®, in which it is very 
readily soluble), especially when the highly concentrated solution 
is left for some days in the ice-chest, as a paste of definite crystals, 
and melts at 180® (uucorr.), that is to say, at practically the same 
temperature as the corresponding active modifications. 

The oxime separated from dilute alcohol in needles, and melted 
at 98 — 100°. and bromo-dl-epicamphor, prepared by the direct 
action of bromine (compare loc. cit., p. 2209), after recrystallisatioii 
from light petroleum, from which it separated in nodular masses, 
melted at 135®. 

In all these cases the melting points practically coincide with 
those of the active epicamphors and their derivatives, and in this 

* Iq prepciriog epicauiphor from the hydroxamic acid, instead of proceeding with 
the purification as described in the previous communication [loc. cit . , p. 2207), a much 
more advantageous method is to convert the crude epicamphor, after distillation ia 
steam, into the semicarbazone by boiling with an equal weight of semicaibazide 
hydrochloride and of sodium acetate in 70 per cent, alcoholic solution for two hours- 

After remaining overnight in the ice- chest, the crystalline mass is collected and 
washed with ice-cold alcohol until colourless; it is thin mixed with hydrochloric 
acid and distilled in a current of steam, when pure cpicainplior passes over. 
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respect epicamphor baiiaves like camphor, since the active and 
inactive modifications of camphor all melt at practically the same 
temperature, namely, at about 178®. Few only of the derivatives 
pf (^/-camphor have been described, but the oxime melts at the 
game temperature (118®) as the active camphoroximes, and other 
derivatives will doubtless be found to behave in a similar manner. 

We wish to express our thanks to Messrs. R. R. Baxter and 
ft G. Fargher for undertaking the preparation of considerable 
quantities of the active epicamphors required for this investigation. 
We also wish to state that part of the expense of this investigation 
was covered by a grant from the Research Fund of the Royal 
Society. 

Cniyeksitt Chemical Laboratory, 

Oxford. 


CLXXXIX. — The Firing of Gases hy Adiabatic Com- 
pression. Part L Photographic Analysis of the 
Flame. 

By Harold Baily Dixon, Lawrence Bradshaw, and 
Colin Campbell. 

The firing of an explosive mixture of gases by rapid compression in 
a cylinder, according to the suggestion of Professor Nernst, 
appeared to offer a convenient method of determining the ignition- 
points of gaees — provided that it could he shown (i) that the 
ignition is not produced locally by waves whilst the mass of the gas 
is still far below its ignition point, and (ii) that the piston does 
not move forward appreciably after the gas is raised to the ignition 
point. Falk’s determinations, made hy Nernst’s method, showed, 
ill some cases, close agreement with the results obtained by Dixon 
and Coward, but in others there were wide differences ; for example, 
Dixon and Coward found the ignition-point of electrolytic gas 
gradually diminishes with increase of pressure, the curve indicating 
that at high pressures the ignition-point would lie somewhat below 
560°, Falk found by adiabatic compression the ignition-point of 
electrolytic gas to be 540®, assuming the ratio of the mean specific 
heats to be 1*40. On the other hand, whilst Dixon and Coward 
found the ignition-point of hydrogen to be only one or two degrees 
higher in air than in oxygen, Falk found the ignition-point of 
hydrogen and air to be more than a hundred degrees higher than 
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the ignition-point of electrolytic gas. When, as in Falk^s expeti 
ments, the piston is stopped by the explosion itself, it is obvious 
that if the rapidity of inflammation varies appreciably in different 
mixtures the true ignition-points will not be indicated by the travel 
of the piston. In pure electrolytic gas the rapidity of inflammation 
might be such as to check the piston in an inappreciably 
interval of time after the ignition-point is reached, but in tie 
mixture of hydrogen and air the slower inflammation might alloi? 
the piston to move forward appreciably during the initiation and 
spread of the flame. Falk, himself, states that the gases detonate 
practically instantaneously when the ignition-point is reached— 
partly on theoretical grounds, and partly because he observed no 
difference in the ignition-point of electrolytic gas when the wei^tt 
was dropped on the piston from a greater or a less height. 



DUtgrft'iYi 1, showing details of arrangements for guiding arid stopping piston 
in tJie co7)ipression of ga^es. 


did not, apparently, try this experiment with one of the more 
slowly inflaming mixtures, such as hydrogen, with an excess of 
oxygen or with air. 

In order to study the initiation of the flame produced by the 
adiabatic compression of gases, experiments were made in glass 
tubes so arranged that the flame could be analysed by being pbofco- 
graphed on a rapidly moving film. 

In diagram 1 AA was a stout glass tube 12 mm, in dianietor 
and 650 mm. long containing the gases to be compressed. This 
tube was held by means of wooden clamps in a horizontal position 
with its closed end (cushioned by a pad of velvet) against a stout 
wooden support. The steel piston-rod BB could be rapidly forced 
into the tube by the falling pendulum (IF), which was suspended 
from a beam in the ceiling by a trellis-work 3 metres long 
(diagram 2). 

To prevent the piston-rod from buckling under the sudden 
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strain, it was held by three steel cases ((7, E), which slid one 

inside the other as in a telescope, and supported the long piston 
as it was being pushed home. 

The pendulum could be arrested at any desired point by means 
of the wooden blocks (IIH), the position of which could be adjusted 
by inserting or removing steel plates (i^^^)^thus allowing a smaller 
or greater compression. 

The image of the flame was focussed by means of a lens on to 
the photographic film, which was fastened on to a wheel, 1 metre 



Diagram 2, showing glass tube with piston arranged for compression 
hy falling pendulum. 

in circumference, capable of being rotated in a vertical plane at 
any speed between 20 and 60 revolutions per second as desired. 
The actual motion recorded on the film is therefore compounded of 
two velocities: (1) The vertical downward velocity of the film, and 
(2) the horizontal velocity of the imago of the flame. 

In the first instance experiments were made with mixtures of 
carbon disulphide and oxygen. Carbon disulphide was chosen 
because of its low ignition-point and of the actinic character of 
its flame. 
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Th« general appearance of the photographs obtained by the coin 
preasion of mixtures of carbon disulphide and oxygen is shown on 
Plate 1. The films (from which the prints are directly made) were 
moving vertically downwards, at the rate of 20 metres per second 
the tube was fixed horizontally, and the piston driven in from left 
to right of the photographs. Narrow strips of black paper 
fastened on the tube at intervals of 25 mm. from the closed end- 
these form vertical dark lines on the prints at intervals of 6 mm* 
and serve as reference marks. The horizontal movement of the 
flame along the tube is thus reduced in the photograph to about 
one-fourth of its true amount, whilst the vortical movement is that 
of the film. The flame is seen to start from a point or layer 
somewhat ill-defined — sometimes near the closed end of the tube 
as in No. 1, sometimes near the piston as in No. 2, and more often 
between the two as in No. 3 and 4. In No. 4 a longer columo of 
gas was compressed. The narrow, bright streak of light seen in 
some of the photographs to follow the piston as it is driven back is 
due to the burning of the lanoline used as lubricant on the piston 
head. 

The flame always took an appreciable time to spread through the 
space occupied by the gas, and in no instance did the flame travel 
through the tube with a velocity approaching that of detonation. 
In the fastest instance observed, the flame travelled 25 mm. in 
1 / 4000 of a second, that is, at 100 metres per second ; whereas the 
explosion-wave travels in this mixture at a rate of nearly 1800 
metres per second (Dixon and Russell, T., 1899, 75, 605), 

In order to examine the effect of gradually increasing the com- 
preesion, a series of experiments was made under as nearly aa 
possible the same conditions, except that the piston was driven 
in a little further in each successive trial. The length of the column 
of uncompressed gas was 630 mm. in each case; in three experi- 
ments the column was compressed to 67 mm., 44 mm., and 32 mm, 
respectively.^ The photographs of the three flames taken on films 
moving vertically downwards at a rate of 20 metres per sec. are 
shown in Nos, 5, 6, and 7. In No. 7 the tube was fractured, but 
not before the flame had traversed the column of compressed gas. 
It was evident from these experiments that the piston was not 
stopped at the moment the gases reached their ignition-point, but 
at the moment the moving force was removed. The position of tie 
collar showed that the momentum of the piston alone was not 
sufficient to move it appreciably after the arrest of the pendulum. 
Further experiments also made it clear that the piston could be 
driven in much further than in No. 7. The minimum vohm 
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observed when a gaseous mixture h fired hy adiabatic comp'ession 
is therefore no criterion of its igriiiionrpoint. 

Again, although it is not possible to determine in the photo- 
crraphs the exact moment of time when the flame reached the 
piston, this moment may bo determined within fairly narrow limits; 
for instance, in No. 4 it is clear that the film had travelled down- 
wards between 24 mm. and 30 mm. after the first appearance of the 
flame, and before the flame reached the advancing piston. From 
the known velocity of the film the flame, therefore, must have been 
travelling from 1’2 to 1'5 thoosandths of a second before it reached 
the piston. During this period, however, the piston was advancing, 
and from its known rate must nave moved 3 to 5 mm. The gas did 
not fire then, when the column was compressed to 76 mm. as the 
photograph appears to show, but when the column was still about 
80 mm. long. 

In order to examine what difference, if any, was made in the 
initiation of the flame by the rapidity with which the piston was 
driven in, experiments were made with all the other conditions — 
tube, mixture, total compression — the same, except the height from 
which the pendulum fell. 

In Nos. 8 and 9 the gaseous column was 630 mm. long before 
compression, and it was compressed to 60 mm. in each case, as 
indicated by a collar sliding on the piston rod. The speed of the 
film was 20 metres per sec. in each case. 

In No. 9 with a slow' motion of the piston the flame is. seen to 
travel from the firing-point at a rate not exceeding 14 metres per 
sec. ; in No. 8 with a faster motion of the piston the flame is seen 
to travel with a velocity of over 60 metres per sec. 

In the experiments so far made we could detect little evidence 
of any violent compression-waves set up by the movement of the 
piston. No. 8 gives evidence of feeble waves crossing the flame, but 
these waves appear to be the result of the initial flame itself 
rather than of the movement of the piston. The waves shown in 
No. 8 are in marked contrast to those obtained in former experi- 
ments when the gases were fired by a spark under normal pressure. 
In order to study what effect strong compression- waves would have 
cm the flame under high pressure the apparatus was arranged so 
that the pendulum might break the primary circuit of a coil 
during its fall, and so induce a spark between platinum wires 
inserted near the closed end of the tube. . The gas could thus be 
fired by means of a spark at any time during the compression. 

Nos. 10 and 11 show the flames produced in the mixtures Hg + oO., 
and 2 CS 2 -I- 5 O 2 when a spark was passed through the gases at a 

6 Q 2 



2032 DIXON, BRADSHAW, AND CAMPBELL: THE FIRING OF 

point 20 mm. from the closed end of the tube at the moment the 
gas column was compressed from 560 mm. to 170 mm. The flanj 
show the characteristic inflexions produced by sound-waves starti 
from the sparking-place and reflected from the advancing pig^^ 
and the closed end of the tube. The sound-waves starting from the 
sparking-place move to the right and left more quickly than the 
flame. The sound-wave reflected from the near end (only 20 hhq 
distant) returns on the flame slightly retarding ita advance to the 
right. 

The sound-wave which started to the left is reflected from the 
piston (150 mm. distant), and returns to meet the flame advancintr 
to the left, and checks its advance. The broad dark line on the 
figure is made by a clamp holding the glass tube 100 mm, from the 
closed end. In the original photographs one can see a faint 
inclined line caused by the light of the flame being reflected from 
the polished face of the advancing piston, and this shows the 
forward movement of the piston whilst the flame was approaching 
it. In No. 11 the sound-waves starting from the spark were 
reflected from end to end of the column of gases eight times before 
the flame reached the piston. The photograph shows that the 
piston continued to advance after the flame reached it, the brighter 
line of light marking its path being due to the burning of the 
lanoline used to lubricate the piston-head. 

It is clear from a comparison of the photographs that the flame 
set up by compression does not give rise to the well-defined waves 
which are so conspicuous in the spark-ignited mixtures. The "com- 
pression-flame ’ has not the same sharp beginning; it seems to 
emanate from a wider arek, and its advancing edges are leas clearly 
defined than the “ spark-flame.” So far, then, as the photographic 
evidence goes, it does not appear that sound-waves due to the 
motion of the piston are likely to cause “premature” ignitioas 
when the mass of the gas is below the true ignition-point. On the 
contrary, the photographs show that the piston continues to com- 
press the gas after the appearance of the flame, and in certaic 
cases even after the flame has reached the piston, and therefore the 
ti ue ignition-temperature cannot be calculated from the furthest 
position reached by the piston in its forward movement. 


The Fre~ flame Period. 

The foregoing experiments have shown that all explosive mixtures 
of gases do not detonate ” when they are fired by adiabatic com- 
pression. In the cases examined the flame, after its appearance, 
tak^ an appreciable ti^me to spread through the mixture, and 
during this time the piston may continue to advance if there is 
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nothing to check it but the explosion itself. The real ignition-point, 
however, is not n^ssarily synchronous with the appearance of the 
flame. The ignition-point is the temperature at which a 'mass of 
the gas self-heate itself by combination if left to itself until it 
burst into flame. If the piston move during the actual spread 
of the flame, a fortiori it can move during the pre-flame period. 

To gain snme idea as to the length of the “pre-flame” period 
some experiments were made with different compressions applied 
to the same mixture. 

A slow-firing mixture containing one volume of hydrogen and 
three volumes of oxygen was employed. When a column of these 
gases 540 mm. long was compressed into a length of 40 mm. no 
flame was produced; but when the same column was compressed 
into a length of 36 mm. before the piston was stopped, a flame 
appeared in the centre of the compressed gases, as shown in photo- 
graph No. 12* On the assumption that the ratio of the specific 
heats of the compressed gases is 14, and that there was no loss of 
heat during compression, the gases were heated by the compression 
to a temperature of 550^^ in the first, and of 578° in the second 
experiment. On these assumptions the “ignition-point” of this 
mixture would lie between these two temperatures. 

In the next experiment the piston was not stopped until the 
column of gases was compressed from 540 mm. to 30 mm. The 
temperature of the gases, calculated from the compression alone, 
must have been at least 640° at the moment the flame first appeared’ 
for the photograph No. 13 shows that the piston could not have 
moved more than 0-5 mm. during the spread of the flame, and, 
consequently, the gases must have been compressed to 30’5 mm. at 
least before the flame started. 

In the fourth experiment the piston was not stopped until the 
column of gases was compressed from 540 mm, to 20 mm., and the 
flams (No. 14) did not appear until the piston reached this point 
or was not more than O'S mm. from it. The temperature of the’ 
gas, calculated from the comprcssiori alone, must have been at least 
810 at this moment. In the fifth experiment the piston was not 
stopped until the column was compressed to a length of 13-5 mm. 

If the flame started when the piston was 0'5 mm. from its stopping 
pace, and the photograph (No. 15) shows that it could not have 
itaited before, the temperature of the gae, calculated from the 
ompresswn alone, must have been at least 975° before the flame 

appeared. 

ft is evident, then, that the “ignition-point” of this mixture 

No. 15 the lubes broke after the lUme hsj 

the colttmn of gases. 
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(according to the first experiment, below 678°) is a long way belo^ 
the temperature at which the flame actually appears. 

Some idea also may be formed from these experiments as to the 
time which elapsed between the moment when the ” ignition-point " 
was reached and the moment when the flame started. If we assume 
that the ignition-point was just reached in the second experiment 
when the temperature was about 578° and the piston was 36 mm. 
from the closed end of the tube, we may also assume that the 
ignition -point was reached in the fifth experiment when the piston 
arrived at the same place in its forward movement. The photograph 
shows, however, that in the fifth experiment the piston had time to 
travel forward at least 22 mm. from this position before the flame 
appeared. The time required for the piston to travel this distance 
was at least 7 mill e-seconds. The heat produced by the compression 
from 36 to 14 mm. would have raised the temperature of the gases 
from 578° to 975° (approximately), and this rise of temperatnre 
would liave hastened the self-heating. A pre-flame period of 
7 mi lie seconds is therefore a minimum for this mixture wheii 
brought to the “ignition-point." On the other hand, by making 
the pendulum break an electric circuit just when the piston was 
stopped 36 mm. from the end of the tube, it was possible to photo- 
graph a spark on the moving film, and so to measure the time- 
interval between the spark and the first appearance of the flame. 
This gives the pre-flame period about 13 mille-seconds when the 
retardation of the spark is taken into account. The pro-flame period 
is therefore of the order of 10 mille-seconds (or 1 / 100th of a second) 
for this mixture under the conditions of the experiment. 

These experiments prove that the pre-flame period is not only 
not negligible, but that, in these mixtures, it is much longer than 
the flame-spreading period. Therefore, in order to determine the 
ignition-point by the compression, it is necessary to stop the motion 
of the piston artificially at the beginning of the pre-flame period. 


Photographs of Uapidly-firing Mixtures^ 

When electrolytic gas was fired by compression, the spread of the 
flame was far more rapid than with excess of oxygen; but in no 
case was the gas detonated instantaneously, even when the fall of 
the pendulum was unchecked except by the explosion itself. Nos. 
16 and 17 are photographs of the flames produced when the films 
were moving with a velocity of 50 metres per second. Although 
the tubes were always smashed by the explosion, the spread of the 
flame from a point can be observed in all. It is evident from the 
photographs that the flame-spreading period is negligible, and that 
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the piston could move but slightly during the pr^flame period if 
this did not greatly exceed the flame-spreading period. 

In electrolytic gas the piston appears to bo stopped by the 
explosion very shortly after the ignition-point is reached^ and 
therefore nearly indicates' the true temperature of ignition; this is 
not the case with weaker mixtures. 

Although the photographic analysis of the flames produced by 
adiabatic compression had indicated the chief precautions to be 
taken in determining the ignition-points of gaseous mixtures, 
nevertheless a long series of experiments was necessary before we 
obtained a machine by which trustworthy results could bo secured. 
The chief difficulties we encountered in working with a steel cylinder 
and piston were (i) in overcoming the friction without using a 
lubricant which effected the ignition-temperature, and (ii) in pre- 
venting all leakage of the compressed gas past the piston. "We 
found, on the one hand, that when the piston was a tighbfit there 
was danger of premature explosions owing to the scratching of the 
metal; indeed, we once obtained a concordant series of readings 
giving a very low ignition-point to electrolytic gas, which was 
fired by the friction of a slight projection on the edge of the piston- 
cap. We found that the projection had worn a number of grooves 
in the wall of the cylinder, which had to be re-bored. This led us 
to try various metals (instead of steel) for the piston cap — a bronze 
being found most suitable. The use of lanoline (which made the 
beet lubricant) was found to affect the ignition-point if any of it 
came in contact with the compressed gases. It wag given up for 
gome time in favour of borax or boracic acid, until the adoption of 
the close-fitting bronze cap allowed the use of a little lanoline 
on the leather washer fixed on the piston above the cap. The 
bronze cap made so close a aliding-fit that no inflammation of the 
lanoline could occur. 

Our first experiments gave the ignition-point of electrolytic gas 
fired acBabatically as 536°; the addition of oxygen regularly reduced 
the ignition-point. This series was quoted in the Presidential 
Address to the Society in 1910. 

A later series of experiments in a rather wider tube gave 532° 
aa the ignition-point of electrolytic gas, the ignition-points with 
excess of oxygen being correspondingly lower. These figures have 
Mace been reduced by the use of the more perfect apparatus 
described in Part II. 

The Univexsitt, 

Manchester. 
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CXC.— ITie Firing of Gases hy Adiabatic Coni, 
pression. Fart IL The Ignition-points of 
Mixtures Containing Electrofytic Gas, 

By Harold Bail*? Dixon and James Mukbaiv Cbopts. 

The experiments described in Part I (preceding paper) ahowed 
modifications of Falk's apparatus would be desirable in order to 
determine the ignition-point of gases by adiabatic compression. 
The cylinder must be sufficiently wide to prevent appreciable 
cooling by the walls of the central mass of gas during compression' 
it must be sufficiently long to give a " final volume " that can be 
measured with accuracy j the piston must be driven in rapidly it 
must work gas-tight without the lubricant coming into contact with 
the explosive mixture, and it must be stopped the moment it has 
compressed the gas to the true ignition-point. After many experi- 
ments an apparatus was constructed that fairly met the above 
requirements. 

Dtscriptiom, of A-ppimtus, 

A steel cylinder 56 cm. long and 11 cm. in diameter was bored 
with a central cavity ((7) (Fig. 1) 30 '2 mm. in diameter to a point 
45 cm. from the upper end; the cavity was continued through the 
cylinder in order to facilitate the boring, but this lower part was 
enlarged, and could be cloeed by a steel plate (Pt) kept in place 
by means of a powerful screw (lS!). The joint was made gas-tight 
by means of an annular washer (IF) of lead, which was squeezed 
well into place hy help of the screw. Through the aide-wall a bole 
was pierced at the bottom of the cavity, just above the steel plate, 
and the hole was fitted with a steel plunger (K), by means of 
which the cavity could be shut off during an experiment; when 
open, however, connexion could be made by means of the three-way 
glass tap (Tf) (Fig. 2) with the gaa-holder (and manometer) or wiii 
the outside air. 

A cylindrical steel piston (?s) with a head {H) 5 cm. long and 
5 cm. in diameter fitted loosely into the explosion chamber. At its 
inner extremity it was furnished with a leather washer (i), and 
beyond this with a bronze cap (B), which made a close sliding fit 
with the cylinder walls. 

To prevent damage to the walls it was necessary to have the 
piston a loose fit in the cylinder, hut in its descent it was centred 
by means of the steel collar (C7of), which was fastened down by 
means of four screws, Hard chrome-steel plates (F) cut with a 
be placed on this collar, and served to stop the piston 
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jj catching the piston-head at any desired point in its descent; 
jheee plates were made of various thicknesses — 2 and 1 cm., 2, 1, 
)% and O'l mm, — and were calibrated from time to time, 

The cylinder was held by an iron frame (F), which rested on a 

Fig. 1. 



large ted of concrete; it was surrounded by a brass water-jacket 
[J), fitted with a stirring arrangement. 

The compression was effected by allowing an iron weight (11^^) of 
kilos. (2| cwts.) to fall from a height [usually of 1*5 metres 
(o eet)] on to the piston -head — the weight falling within three iron 
guides ((?). 
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Method of Experimenting, 

The cylinder having been thoroughly cleaned inside, the 
was also cleaned, the leather washer lubricated slightly with laao. 
line, and pushed inside the cylinder, and its head supported by 
means of a stick, so that a cavity about 380 mm. long waa left 
The plunger {PI) was opened, and the glass taps turned so as to 
connect the cavity with the water-pump {WP ) ; a complete vacuujji 
was obtained by finishing the exhaustion by means of the Tdpler 
pump (To), the vacuum being measured by a mercury manottetej 


Fia. 2. 



{M). The three-way tap (Tg) was then turned so as to shut of 
the pumps and connect the explc^ion chamber with the gas-holders 
and drying apparatus, and the gases were allowed slowly to pass 
in and fill the chamber. The stick supporting the piston was then 
removed, and the piston pushed down until a gas chamber 377 mm. 
long was left. This length was measured before each experiment, 
and as the volumes of gas were proportional to the length of the 
cavity, this was taken as the initial volume in all the experiments 
and denoted by Fj. 
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- ^>late8 amounting together in thicknees to the required length 
Lr Fg were put on the collar, the pressure of the manometer read, 
Ld the steel plunger screwed in tightly. Over the piston wal 
Elaced a hood (Fo), which rested on the plates and served to take 
be falling weight off the piston at the moment the piston-head 
[truck the plates. 

j It was always the case that when the piston was pushed right 
^own to the bottom of the empty cylinder the head was not resting 
pn the collar, but projected a few mm. above it; this distance was 
carefully measured before each experiment, and the height of the 
piston adjusted until a net value of 377 mm. was given for the 
length of the column of gases. 

The weight suspended on a hook {Hk) was raised by means of 
pulleys to the required height, the steel rods which supported the 
weight between the experiments were withdrawn, and the weight 
released by pulling a string which depressed the point of the hook. 
Ad explosion, unless the explosive mixture was very much diluted, 
was shown by the weight being thrown back, the distances varying 
with the nature of the gaseous mixture. 

Main Sources of Error. 

(1) Ltahogt. — ^In all cases the piston was pulled up after the 
experiment until on opening the valve at the bottom the manometer 
showed that the original pressure had been restored — this, of course, 
does not apply to the pure electrolytic-gas mixture, where no gases 
were left after an explosion. The height of the piston was then 
measured, and this measurement indicated whether or no a leak 
had occurred m the apparatus; if a leak was found, the experiment 
was discarded, and the cause of the leak — usually the defective 
fitting of the leather washer — was investigated. When the machine 
was working well, the alteration in height of the manometer, when 
the piston was pulled up to its original height, after a non-explo- 
aion, was practically m7; and even after the weight had been 
dropped on the same sample of gas three or four times did not 
amount to more than 1 mm. 

The leather washers took some little time to get into good working 
order, and their effective life was short. 

(2) The Lubricant. — It was necessary to discover if the lanoline 
iiad any effect on the ignition; it was found that the same ignition- 
point was obtained for electrolytic gas provided that the amount 
of lubricant — ^whether lanoline, vaseline, or borax — was small, and 
h^at none was on the cylinder walls exposed to the gas during the 
compression. Falk (7. imer. GUm. Soc., 1906, 28, 1517; 1907, 
29, 1536) used lanoline in such quantity ^at the piston on being 
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pushed into the cylinder and released, came back to its origin^j 
position. We found that when the bronzecap itself was smear?^ 
with lanoline the ignition-point of electrolytic gas was raised, sonij 
of the lanoline itself burning as well as some of the hydrogfiQ 
carbon monoxide being formed in the cylinder. We found od 
trial, that lanoline itself, smeared on the walls of the cylinder, 
exploded when oxygen was compressed by the piston — showing that 
it was appreciably volatile under the conditions of our experimenta, 
Its presence raises the ignition-point of electrolytic gas, but lowers 
that of mixtures requiring much higher compressions for dring. 
We therefore kept the bronze-cap (which fitted the cylinder closely) 
free from lanoline, and used the latter, in small quantity only, 
on the leather-washer above the cap. Under these conditions no 
carbon monoxide or carbon dioxide was found after the experiment 
if no explosion took place; and if an explosion did take place the 
amount of oxides of carbon formed was very small. This oxidation 
was an after-effect of the explosion — due to the highly-heated pro. 
ducts of the explosion penetrating between the bronze-cap and walls, 
and was not a contributory cause of the explosion. 

The gases were withdrawn after compression through the arm .1 
of the three-way tap by pushing down the piston; they were 
collected over mercury and analysed. 

(3) Friction . — A third important source of error is friction, 
After the bronze cap had been fitted to the piston it was seldom 
that friction within the cylinder interfered with the proper courge 
of the experiments, and premature explosions were practically 
eliminated. More difficult to remedy was the friction of the piston 
against the collar, which entered it at the top of the cylinder. It 
was difficult to ensure that the weight on striking the piston-head 
did not give it an oblique thrust against one side of the collar. 
When this occurred the rate of fall of the piston was diminished, 
more cooling had time to take place in the cylinder, and conse- 
quently higher ignition-points were obtained. This error was usually 
detected by the same mixture yielding discordant results — which 
had to be discarded. The introduction of a sleeve of hard phos- 
phor-bronze into the collar lessoned the friction, although the sleeve 
soon worked loose and had to be renewed frequently. Only when 
the machine gave concordant results with electrolytic gas (agreeing 
with those previously obtained) were experiments made with any 
new gas mixture. 

Traces of the rate of fall of the piston, taken on a revolving 
drum, and measured by means of the vibrations of a tuning-fork, 
showed that in the case of electrolytic gas the time occupied was 
about 3/50ths of a second, and that the velocity of compression 



GASES BT ADIABATIC COMPRESSION. PART 11. 2041 

m nearly constant until the piston had practically reached its 
ott'cst point. 

Preparation of Ga^es, 

The electrolytic gas was prepared by electrolysis of a saturated 
olution of recrystallised barium hydroxide. Oxygen was obtained 
,y heating crystals of potassium permanganate, nitrogen by heating 

! mixture of ammonium sulphate, and sodium nitrite with some 
otassium chromate, the gas being passed through a solution of 
otassium dichromate in sulphuric acid. The hydrogen was pre- 
ared from pure zinc and hydrochloric acid, and washed with 
i\^ater. These gases were stored in large gas-holders over air-free 
water, which, in the case of mixtures, was previously saturated with 
the mixed gases; the gases were not allowed to remain for any 
length of time before use. In some cases mixture of glycerol and 
water were used for storing. 

The mixed gases before being used were analysed by means of 
a Bone and Wheeler gas-analysis-apparatus, and additions made, if 
aecessary, until the desired composition was obtained. 

Unless otherwise stated, the gases before entering the explosion 
cylinder were dried by passing through a glass worm and a drying- 
bottle each containing concentrated sulphuric acid. 

Method of Calculation. 

When a gas is compressed adiabatically, the work done on the 
jas produces heat, and a rise of temperature results; the amount 
.>f the rise of temperature depends on the change in volume pro- 
duced and on the ratio of the specific heat of the gas at constant 
pressure to the specific heat at constant volume. If this ratio be 
denoted by y, we have: 

■ 

Tj and represent the initial and final temperatures respec- 
tively, both being measured on the absolute scale, and and 
the initial and final volumes. 

In the calculations which follow it is assumed that there is no 
loss of heat during the compression of the gases in the cylinder. 
This, of course, is not quite the ca.se, as the compression is not 
instantaneous, but lasts, as already mentioned, about 3 / 50 ths of a 
second in the case of electrolytic gas. The loss of heat, which 
must be small during this time, is difficult to estimate; it would 
result, of course, in the calculated temperatures being higher than 
those actually reached by the mass of gases in the cylinder. 

In the experiments it was usual to keep Fj fixed, the volume 
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correaponding with a height of 377 mm.^ and to vary in accord- 
ance with the temperature it was desired to attain in the cyliiKjgf 
Some experiments were performed with Fg fixed and Fj variable 
and aa was to be expected, no difference was found in the reeultg 
It should be noted that in the case of electrolytic gas an error in 
measuring Fj of 1 mm. made a difference of 1° in calculating 
whilst an error of only O'l mm. in measuring Fg resulted in the 
same difference ki fg. 

The value of y for the diatomic gases hydrogen, oxygen, and 
nitrogen used in the experiments was taken as 1'4. Although many 
researches on the value of y and of the specific heats of gases have 
been made at temperatures not exceeding the boiling point of water, 
comparatively few have been conducted at temperatures corre- 
sponding with those reached in the present series of experiments, 
and very few under the conditions of pressure which accompany 
the alterations in temperature. 

In recent years, by the explosion method, Pier {Zeitsch. Mekiro- 
chem,, 1909, 15, 536 j 1910, 16 , 897) has investigated the specific 
heat at constant volume of hydrogen, nitrogen, and oxygen, as well 
as that of other gases. The formulae which he has deduced for the 
mean molecular heat at very high temperatures, (7^ = 4*7 + O' 00045 
for hydrogen and (7„ = 4'9 -i-0'00045 for oxygen and for nitrogen, 
give for ^2 = 520°, which is about the ignition-point of electrolytic 
gas, (7„=4'934 for hydrogen and 5*134 for oxygen and nitrogen. 
For the mixture 2 H 2 + Og we have, therefore, a mean molecular heat 
C7„ = 5*001 j and if we take Gp derived from this as 7*001, the value 
given for y — 1*4 very nearly. 

There is no doubt from the experiments of all observers (for 
example, Holborn and Austin, Abh, Pkysik. Tech. Ueichsamkliy 
4 , 131; Holborn and Henning, Ann. Fhysikj 1905, [iv], 18 , 739; 
1907, [iv], 23 , 809; Langen, Mitteilndgen iiber Forschungsaithtiltn, 
8; Swann, Phil. Trans. ^ 1910, A, 210 , 199, 238; Moody, PhysiM. 
Zeitsch., 1912, 13 , 383, to mention only a few) that an increase 
in temperature r^ults in an increase in the specific heat and a 
consequent diminution in the value of y. The effect of pressure 
is not so clear. July (Proc. Roy. Soc., 1894, 55, 390, 392 ; 1890, 48, 
441) finds that the specific heat at constant volume increases witli 
the pressure, except in the case of hydrogen, where a slight fall 
in the value was found. Valentiner (Sitzungsher K. Akad. Miln- 
chen>, 1903, 691) finds the value of y for nitrogen at low tempera- 
ture to increase with the pressure, and hence presumably the specific 
heat must decrease. Holborn and Jakob (Sitzwng&bcT. K. Ahad. 
]F*S5. Berlin.^ 1914, 213) find an increase in the specific heat of 
with rise of preasure. 
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It would therefore appear that the alteration, probably an increase 
in value of the specific heats with rise of pressure, is but small 
It is not, however, merely the efiects of increase of temperature 
and increase of pressure alone with which we are dealing; we are 
performing work on the gaseous mixture, which is being trans- 
formed into heat. It is evident that owing to the attraction of the 
molecules for one another more heat will be produced than corre- 
sponds with the amount of external work performed (compare 
Nernst, “Theoretical Chemistry," Eng. Ed., 1911, 236); this will 
therefore result in producing a higher temperature in the cylinder 
than one would otherwise expect, or, in other words, the practical 
value of y will be increased, and this will in some degree balance 
the diminished value of y produced by the effect of increased 
temperature and increased pressure acting alone. 

These considerations have led to the adoption, for the sake of 
convenience, of a conetant value for y of 1*4 and for (7„ of 5'0 
for the diatomic gases used in the calculations of the variJus igni- 
tion-temperatures. In every case, however, we have given the 
volumes before and after the compression, so that the temperatures 
may be calculated for any other value of y. 

In the following tables we have given the initial temperature 
the final valume F 2 , and the result of the compression — the initial 
voliune of gases being 377. 


Table I, 


2112 - 1 - 02 . 


F 2 . Result. 

17‘0 30-6 No explosion 

17’ 7 27*1 Explosion 

18*1 28-0 Explosion 

17-9 27*3 Explosion 

Ignition-point — 291 •' 




Result, 

18-7 

31-3 

No 

18-7 

30-4 

No 

18-7 

30- 1 

Explosion 

18*7 

30*2 

Explosion 

r377 10-4 

^526°. 


L30-2J ^ 



The initial pressure was that of one atmosphere; the final pressure 
calculated from the formula = ^ [^'"j =34-2 atmospheres. 

To Test the Effect of excess of Lanoline. 

In these experiments the leather washer was freely lubricated, 
and the lubricant was smeared on the Inner walls of the cylinder. 
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h 

15- 7 

16- 3 
16-6 


Table II. 


2 H 2 + O 2 with lanoline. 


Vy Result. 


h- 

y,. 

Result 

26-1 No 


16-8 

23-9 

No 

25-3 No 


16>8 

22>6 

No 

24-6 No 


170 

20-8 

Explosion 


"377" 

1^'* n 



Ignition -points 290 j 

jo^_ 

= 651“ 

roughly. 



After the explosion, instead of a vacuum in the cylinder, there 
was a considerable quantity of gas left, which on analysis 
found to consist almost wholly of carbon monoxide and hydrogen. 


To Find the IgnitioThtemperatitre when the Fkton wae not 
stopped in its Downward Course, 

In these experiments the top plate was blackened with lamp-black 
and Tg gradually reduced until the piston-head did not touch the 
plate, being pushed back by the force of the explosion before it was 
able to do so. There was, of course, an explosion in each case. 


Table III. 
2H2 + O2 + 8H2. 


q. 

y,. 

Result. 

! h- 

V., 

Result, 

13-9 

12-3 

Plates touched 

14-1 

9-3 

Not touched 

13-9 

10-3 

Plates touched 

1 14-1 

10-3 

Touched 

I4'Q 

7-3 

Not touched 

14-1 

9-8 

Touched 

14-0 

8-3 

Not touched 

1 14-1 

9-5 

Touched 


The temperature calculated from the lowest point reached is 

g— =983°. This result should be compared with that 

of table XYI, where an ignition-point of 676° was obtained for this 
same mixture when the piston was artificially stopped at the 
moment the ignition-point was reached. 

To Test the Effect of Change in the Initial Temperature of 
the Mixture. 

Steam was passed through the water-jacket until a constant 
temperature was obtained. At first difficulty was found in kee])< 
ing the leather washer on the piston end air-tight, as lanoline couM 
not he used at this temperature. After some trials, however, w8 
succeeded in obtaining a washer which, having been well shaped by 
use, did not leak, even although no lanoline was put on it. Without 
lubricant its effective life was short. 
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Tabls IV. 


2H2 + O3 with ti at 100*^. 



V,. 

Reeult. 1 




Result. 

100-1 

570 

No 1 


100-1 

56-3 

No 

100-0 

54-0 

Explosion 


100-1 

56-1 

No 

100-0 

56-0 

Explosion 







Ignition-point = 373- 1 

-*377 nO'-t 

J6-oJ ' 

= 527°. 



Ko alteration, therefore, ia found in the final ignition-point when 
the initial temperature of the mixture is varied, although it may 
be noted that the pressure in the cylinder at the moment of ignition 
is only 14J atmospheres instead of 35 atmospheres — the pressures 
usually reached at room temperatures. 


The Effect of Alteration in the Initial Pressure. 
Table V. 

Initial pressure, 1 atmosphere. 



Result. 

^1- 


Result. 

19-8 30-3 

Explosion 

20-5 

30-7 

Explosion 

30-3 30-9 

No 

20-9 

30-9 

No 


p ^77 no -4 

Ignition-point— 293-5 —526^ 


Table VI. 

2 H 2 -H O 2 . Initial pressure, J atmosphere. 


<1. 

1^2- 

Result. I 

1 h. 

7,. 

Result. 

21-5 

30-4 

No _ 1 

21-9 

29-2 

No 

21-7 

21-7 

28- 7 

29- 6 

Explosion 

No 

1 21-9 

28-8 

No 


Igmtion-pomt— 294-7 ^ =549°. 


The final pressure in this case was 18’4 atmospheres. 


Table VII. 

2Il2-f02. Initial pressure, atmospheres. 

h- V^. Reeult. 7.,. Result, 

20-6 30-4 Explosion 20-8 31-0 No 

20-7 30-9 Explosion 

r^77~|0'4 

Ignition-point =293- 7 I I =526°. 

VOL. CV. 6 R 
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Table VUI. 


2 H 2 + O 2 . Initial pressure, 2 atrnoepherea. 


h- 

V,. 

Result. 


y.- 

Result 

20-0 

32-2 

No 

* 20-3 

31-3 

No 

19-8 

31-2 

No 

20-6 

30-9 

No 

20-3 

30-4 

Explosion 

20-7 

. r 377 10*4 

30-8 

Explosion 


Ignition-point=293-7 j^3^J = 

= 627°. 



It is seen from the above experiments that changes in the initial 
pressure had no effect on the calculated ignition-points except in 
the case of the mixture, where the initial pressure was only half 
an atmosphere. Dixon and Coward (T., 1909, 96, 514) found a 
variation occurred even with small alterations of pressure near 
atmospheric pressure, but it would appear from their experiments 
that after the pressure had attained a certain value no appreciable 
effect on the ignition-point would result. 

Mixtures containing Excess of Oxygen. 

Table IX. 


2H2 + 2O2. 



F,. 

Result. 


y. 

Result. 

13-2 

33-6 

No 

13-9 

30-6 

No 

13-4 

32-5 

No 

U-0 

30-2 

Explosion 

13-6 

32-1 

No 

14-1 

30-5 

Explosion 

13-6 

31-5 

No 

14-3 

30-6 

Explosion 

13-8 

31-1 

No 

14-5 

31-0 

No 


Ignition-point =287-3 ^=511°. 


Table X. 


2 H 2 -h 802 . 


h- 

V,. 

Result. 

^1- 

Fg. 

Result. 

14-6 

31-8 

Explosion 

15-7 

34-8 

No 

14-8 

37-7 

No 

14-5 

34-9 

No 

16-8 

36-7 

No 

14-6 

34-0 

Explosion 

15-9 

36-1 

No 

14-8 

34-6 

No 

16-1 

35-8 

No 

14-9 

34-4 

No 

16-3 

35-4 

No 

15-0 

34-3 

Explosion 



Ignition-point=288 *= 

= 478°. 
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Table XI. 

2H2 + I6O2. 


12-5 

F 3 

Besolt. 1 



liesulfc 

34-5 

No 

1 13-2 

34-1 

Explosion 

12-9 

31*3 

Eirploaion 

13-5 

34-6 

Explosion 

13-1 

32-5 

Explosion 

13-8 

349 

No 

13-6 

33'7 

Explosion 

i 13-8 

r377TJ'-i 

348 

No 



Ignition*point = 286 

" 41^1 = 

.472\ 




y. 

Table XII, 

2H2-f320.. 

Result. 

V,. 

ResuH. 

13-7 

31-6 

No 13<3 

9-0 

No 

12<9 

23- 1 

No 13-0 

30 

No 

13-1 

17-7 

No 




The temperatures reached are 500°, 600°, 700°, 1000°, and 1700° 
respectively, but in no instance was there an explosion j there was, 
however, evidence of some combination having taken place, but 
never of complete combustion. 

The ignition-points may be tabulated thus : 

aHj-f Oj explodes at 526"’ 

2H,+ 20, „ 511 

2 H 2 + 80s „ 478 

2H.,+ 160s „ 473 

2Hs-i- 320-2 ,, “ 

These results are expressed in the curve (Fig. 3}. The vertical 
line down the centre of the figure indicates the mixture 2 H 2 + Og ; 
to the left the abscissa represents volumes of added oxygen to 
3 volumes of electrolytic gas, to the right the volumes of added 
hydrogen or nitrogen (see later). 

The limit of inflammability has evidently been passed in the last 
mixture. 


Mixtures containing Excess of Hydrogen. 
Table XIII. 

SHg + 02 + Hg. 


h. 

Fj. 

Result. 


V,. 

Result. 

140 

24-0 

Explosion 

14-2 

27-5 

Explosion 

140 

26-3 

Explosion 

14-2 

28-0 

No 

14-0 

31-7 

No 1 

14-2 

27-7 

No 

14-0 

28-8 

No 1 

Igmtioij.pomt=287'2 j 

U-3 

'377 '10-4 

u2T6j 

27-6 

= 544^ 

Explosion 

6 R 2 
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Table XIV. 


2H2 + O2+2H2. 


il- 

V.. 

Kesult. 

; iv 

V.. 

Result. 

13-8 

23-3 

Explosion 

'■ 13-5 

26-7 

No 

13*8 

23-7 

Explosion 

1 13-6 

26-3 

No 

140 

24-8 

Explosion 

13-6 

26-1 

Explosion 

140 

26-3 

Explosion 

i 13-6 

26-2 

No 

13-5 

27-0 

No 






r377no'4 

Ignition 'point= 286-6 1 2 ^ ~ 





Table XV. 





2 H 24 -O 24 - 4 H 2 . 



t- 

V., 

Result. 

h- 

F,. 

HCBUlt. 

14-5 

24' 2 

No ' 

15-0 

23-2 

Explosion 

14-7 

23- 5 

No 

14-9 

23-0 

Exploeiuii 

15-0 

22-9 

Explosion 

15-1 

23-4 

Explosion 

15-0 

23-6 

No 

15-0 

23-5 

No 

15-0 

23'9 

No 





r 377no'4 

igiilliun-pomt — 288*1 234 =602'’. 


t- 

F. 

Table XVI. 

2 H 2 + O 2 + 8 H 2 . 
Result. ij. 

Vi- 

Result. 

13-3 

19-2 

No 13-4 

19*0 

Explosion 

13-3 

18-7 

Explosion [ 13-4 

19*1 

No 



r377'10‘4 

Igiiitiou-point= 287*4 = 

:676‘’, 



Table XVII. 
2II2 H' Og-f ISHg. 


b- 

V,. 

Result. 1 

i b. V,. 

Result. 

14-1 

13*5 

Explosion 

14*4 16*3 

No 

14*2 

14*3 

Explosion 

14*4 15-8 

No 

14-3 

17-3 

No 

14 4 15-3 

Explosion 

14-3 

15-3 

Explosion 

14-4 15-5 

r!t77i(r-i 

No 



Ignition -point— 287-4 =762°. 



Tliese results may be tabulated together : 


2 H 2 + 0 .i explodes at 526'’ 
2H,-!-0.,+ H, „ 544 

2fL+0,;-| 2Ho ,» 561 

2 n.; fO.H- 4H; „ 602 

2H:+0;-1- m, „ 676 

2H2+03+13H3 „ 762 

or generally 2 H 3 + 03 -}-a:H 3 explodes at 526+18a?, 

These results are expressed iu the curve (Fig. 3). 
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Mixtures containing added Nitrogen. 
Table XVIII. 

2 H 2 + O 2 + X 2 . 


iy 

20-2 

20-2 

20-2 


iy 

U-2 

11'7 

125 

12-7 


7 ^ 

Result. 

<1. 

Fo. 

304 

No 

20-2 

29-0 

29-4 

Explosion 

20-1 

29-7 

29-8 

No 

1 

r 377-1"* 


r377“lf>'4 

Ignition -poiiit= 293-1 ^537°. 



Table XIX, 



2H2-f Og + 2 X 2 * 


F 2 . 

Result. 

h- 

V,, 

25-6 

Explosion 

13-0 

27-4 

26-5 

Explosion 

13-3 

27-0 

26-8 

Explosion 

13-6 

27*2 


27-6 No i 

Ignition-point=286-3 =549^ 


Table XX. 
2H3 + O2 + 4N2. 


k- 


Result. I 

i]. 

V,. 

13-6 

23-3 

Explosion : 

j 14-2 

24-8 

13-7 

24-7 

Explosion 

1 141 

25-9 

14-0 

26-3 

No 

1 14-4 

25-6 

1,3-U 

25-5 

No 

15*3 

25 4 

140 

25*3 

Explosion 

1 154 

r377 J 

25-7 

i 



Ignition-point = 2884 



Table XXI. 
2TT2 + O2 + 8N2. 


V 

V,. 

Result. 

15-4 

23*5 

No 

15-4 

22-1 

Explosion 

15-4 

22*3 

Explosion 

13-3 

21*3 

Explosion 

13-8 

22-0 

Explosion 

139 

22*7 

No 


ty V.y 

140 224 

14-5 22-6 

14-5 22-5 

14*5 22-5 

14-5 22-6 


Ignition -point ■- 287- 5 


r3_77"j0'i 

L22-5J ^ 


614°. 


Result. 

Explosion 

Explosion 


Result. 

No 

Explosion 

No 


Result., 

Explosion 

No 

No 

Explosion 

Explosion 


Result. 

Explosion 

No 

Explosion 

Explosion 

No 
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Table XXII. 
2H2 + O2 + I4N2. 


h 

V,. 

Result. 



F 2 . 

Result. 

15'4 

2M 

No 


130 

17-7 

No 

15‘5 

20-0 

No 


14-0 

16-7 

Explosion 

15-0 

19-0 

No 


14-3 

172 

Explosion 

15'5 

18-1 

No 


14-6 

17-7 

No 

\5-5 

14-1 

Explosion 


14-6 

17-5 

No 

15'5 

15-9 

No 


14-6 

17-4 

Explosion 

12-8 

14 8 

Explosion 


14-6 

17-5 

No 

ISO 

is-e 

Explosion 









' 377 10-4 





Ignition-pomt = 287-6 


= 712°. 


Tubiilafi 

ig these results we have: 






2 H.,+ 02 

explodes at 526° 




2 H 2 + 0 .,+ N 2 


637 




2 H 2 +O. 2 + 2 N 2 


549 




2H2+0,+ 4N., 


671 




2 H^+ 02 + 8 N 2 


616 




2H,+02+14Na 


712 



or generally 2H2+024-3iN2 explodes at 526+ 11a:. 


These figures are shown as a curve in Fig, 3. It will be noted 
that the curve is not a straight line for the whole of its length, but 
that the last figure found is higher than it would be if the linear 
function were mjaintained. There is ,no > doubt that the last 
mixture is approaching the limit of inflammability. In the case 
of the hydrogen curve, with I 3 H 2 , the straight line was maintained, 
although such a mixture does not explode with a spark under 
normal conditions (see Roszkowski, Zeitsch, phy&ikal. Chem.^ 1891, 
7 , 485). 

The figures obtained may be compared with those of other 
observers. Mallard and Le Chatelier (Compt. rend,, 1880, 91, 825) 
obtained 550° as the ignition-temperature of electrolytic gas, and 
found that addition of oxygen lowered the ignition-temperature, 
whilst addition of hydrogen, nitrogen, and carbon dioxide raised it. 
Helier (Ann. Ghirn. Fhys., 1897, [vii], 10 , 521) gave 853° as the 
ignition-temperature of electrolytic gas, and stated that both 
oxygen and hydrogen added to the gas increase the inflammability, 
whilst nitrogen acts in the opposite direction. 

Bodenstein [Zeitsch. phydkal. Chem., 1899, 29 , 665), following 
the method of Gautier and Helier, gives 660 — ^700° as the ignition- 
temperature of the mixture 2 H 2 + Og, instead of 853°, but confiriiis 
Helier's results as to the effect of adding inert gases. 

Emich [Monutsh., 1900, 21 , 1061) gives 589° as the ignition- 
temperature of electrolytic gas. He found that the addition of 
nitrogen first increases the inflammability of the gas, and then 
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decrees®® it ^3 more nitrc^en is added. Similar results were found 
when hydrogen or oxygen was added. 

Falk iloc. cit)y to whose experiments reference has already been 
made, finds that the addition of oxygen up to that represented by' 
the mixture H2 + O2 lowers the ignition- temperature, but that 


Fro. 3. 



further addition of oxygen raises it. Addition of hydrogen and 
nitrogen in all quantities raises the ignition temperature. 

The various temperatures found by different observers do not 
always refer to those of corresponding mixtures of gases, but in 
the table given below an attempt has been made to obtain figures 
which approximately indicate the ignition-temperatures for the 
nuxtures given, ao that a direct comparison can bo made. 
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COMPRESSION. 


Mallard and 
Le Chatelier. 

Emich. 

Falk, 

Dixon a 
Crofta, 

2024-02-1- 4 H 2 

560'^ 


540“ 

526- 



605 

602 

2 Hj + 0,+02 .. 



514 

611 

2H^ 4" 0-2 4" 3 O 2 

531 


530 

(490) 

2 K 2 +O 24 - 7 O 2 .. 



671 

478 

2024-02+^2 .. 


(561) 

573 

537 

2 H 2 +O 2 + 2 N 2 

(•'^53) 

(667) 


549 

202+O2+4Nj 


(614) 

649 

571 

2H.+02+8Na 


(616) 


615 


The figures given in brackets have been derived from those 
found for mixtures of approximately the composition given by the 
respective observers. 

Turning to the results found by our own experiments and com- 
paring the hydrogen curve with that obtained in the case of 
nitrogen, it is seen that the addition of equimolecular qauntities 
of tho two gases produce a greater rise in temperature in the caeo 
of the former gas than in the case of the latter. It may be of 
course, that the excess of hydrogen exercises in some unknown way 
a specific inhibitory effect on the reaction. We may, on the other 
hand, take it that we have no grounds for assuming that a higher 
temperature is required to explode a mixture containing an excess 
of hydrogen than is required for a corresponding nitrogen mixture- 
rather we may assume that both gases are inert in the reaction, and 
that the actual temperature required for explosion is the same in 
each case. This being granted, it follows either that the greater 
conductivity of hydrogen necessitates a greater compression or that 
the value of y must be different in the two cases, and not the same 
as assumed in the calculations. Further experiments with argon 
as the diluent gas have been undertaken by one of us in order to 
determine the effect of dilution with a gas of known specific heat. 

With oxygen added to the electrolytic gas the effect is the 
opposite to that found when hydrogen, nitrogen, or argon is added 
— the addition of oxygen results in the lowering of the ignition- 
temperatures. We are not in a position to offer a satisfactory 
explanation of this. One might imagine, as Nemst has suggested, 
that a peroxide is the first result of the chemical union, and there- 
fore that the mixture containing equal volumes of hydrogen and 
would have the lowest temperature of ignition. Our experi- 
ments show, however, a continuous fall in the ignition-point as 
oxygen is added until its volume is eight times that of the hydrogen. 
The fall of the ignition-point with increased oxygen seems too large 
to be accounted for by any conceivable diminution of the specific 
heat of oxygen with increased concentration. Nor can the fall be 
due to lose of conductivity as the hydrogen is diminished, for tbe 
ignition-points rise as nitrogen is added to electrolytic gas. The 
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increased activity of oxygen at the higher concentrations might be 
gjplained if o^gen formed some active polymeride under these 
conditions, or if the concentration of the oxygen brought about 
ionisation of the hydrogen molecules. 

Thk University, 

Manchester. 


C5XCI . — The Action of Cold Concentrated Hydro- 
chloric Acid on Starch and Maltose. 

By Aethub John Daish. 

\VrLLSTATTEB and Zechmeister {Ber., 1913, 46 , 2401) have shown 
that whereas ordinary concentrated hydrochloric acid (37*6 per 
cent. HCl) acts on cellulose at the ordinary temperature relatively 
slowly, fuming acid (D 1*204—1*212; 39*9 to 41*4 per cent. HCl) 
dissolves cellulose within a few seconds and rapidly hydrolyses it, 
first to cellobiose and finally to dextrose. After twenty>four hours 
the yield of dextrose is nearly quantitative. As the present methods 
of estimating cellulose in plant material are of a highly empirical 
character, it seemed probable that fuming hydrochloric acid might 
be applied with advantage to this purpose; it would, however, be 
necessary to allow for the sugars formed from the starch and 
pentosans present. There would be no difficulty in this, as methods 
for estimating these substances with a fair degree of accuracy 
already exist. As the action of the fuming acid on starch and 
maltose has not yet been studied, a series of experiments was first 
made in this direction, and the results are here recorded. The 
Telocity of hydrolysis of starch and maltose by fuming hydrochloric 
acid is dealt with in a separate paper (p. 2065). 

When starch is left in contact, during several days, with dilute 
hydrochloric acid (7 '5 per cent. HCl) it is converted, without dis- 
solving, into the so-called “ soluble starch ” ; when heated with very 
dilute hydrochloric acid for several hours, dextrose is formed. The 
latter process has been applied very widely as a means of estimat- 
ing starch, although the fact that a considerable quantity of dex- 
trose is destroyed renders such a method useless when any degree 
of accuracy is required (Davis and Daish, J. A gric. Sci., 1914, 6 , 
152). Early workers generally regarded the dextrose as formed 
directly from starch, and therefore looked upon the action of acids 
as essentially different from that of the enzyme diastase, the pro- 
longed action of which on starch gives mainly maltose. Flourens, 
for instance (Compt, rend.^ 1890, 90 , 1204), and Lintner and Dull 
(ffer., 1895, 28, 12) deni^ that maltose is formed at all by the 
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action of acids on starch. On the other hand, Weber and Mac- 
phereon (/. Amer. Chem. Soc.y 1895, 17 , 312) showed the presence 
of considerable quantities of maltose in the commercial “ glucose ” 
manufactured by the action of acid on starch, whilst the analytical 
values obtained by Rolfe and Defren (/. Amer. Ghem. Soc., 1896 
18 , 869) for starch transformations carried out in the autoclave 
with 3^/10- to iV/ 1000-acids indicated the presence of 44 per cent, 
of Maltose in a conversion carried to the point corresponding witt 
that usual in the manufacture of “glucose,” namely, when [a]^ of 
the product is about 129°. The rest of the material seemed to 
consist of a mixture of dextrin and dextrose in nearly equal propor- 
tions. Rolfe and Haddock (/. Amer. Chem. Soc., 1903, 25 , 1015) 
subsequently isolated maltosazone from a starch transformation by 
acid, and quite recently Ternbach and Schoen (Bull, Soc. chim., 
1912, [iv], 11, 303) also isolated maltosazone from the product 
obtained by hydrolysing starch paste with different acids.* 

There is, therefore, at the present time, no reason for considering 
the action of acids on starch as essentially different from that of 
enzjunes as regards the series of products formed. These are appa- 
rently soluble starch, dextrins, maltose, and dextrose. With ordin- 
ary diastase, maltose is the final product; with taka-diastase, which 
contains maltase, increasing quantities of dextrose are formed as 
the action proceeds, until a species of equilibrium is reached, when 
about 85 per cent, of dextrose and 15 per cent, of maltose are 
present (Davis and Daish, loc. cit.). The results now recorded, 
obtained with cold concentrated and fuming hydrochloric acid, may 
all be explained on similar principles. The main difference is, that 
with fuming hydrochloric acid the earlier stages, in which soluble 
starch, dextrin, and maltose are formed, are passed through very 
rapidly, so that, for example, with hydrochloric acid of D 1'210, 
86 per cent, of the theoretical quantity of dextrose has been formed 
after so short a time as one hundred and thirty-five minutes. Mal- 
tose is hydrolysed to dextrose by the fuming acid not much more 
rapidly than starch itself; so that although acid of this concen- 
tration undoubtedly decomposes starch to maltose with extreme 
rapidity, the rate of production of dextrose is limited by the rate of 
hydrolysis of the maltose. As dextrose is formed, the specific 
rotatory power of the product falls continuously, until finally the 
value is the same as that of dextrose in acid of the same concentra- 
tion. At the same time the reducing power gradually increases 
until it is the same as that of dextrose under the same conditions. 

* Kluyver {Bior.hemische Siiikerbcpallngen, Leiden, 1914) has made a series of 
analyses of commercial glucose syrups, prepared from starch, by the use of 
discriminating yeasts and finds from 15 to 20 per cent, of maltose to be present m 
such products. 
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When ordinary malt diastase is used to hydrolyse sUrch paste 
the dextrin stages are passed through relatively slowly; the amount 
of maltose formed progressively increases, but no dextrose is pro- 
duced. With taka^diastase, however, dextrin disappears very 
rapidly, and even with small quantities of the enzyme (O'l gram) 
after about three hours in the case of a 1 per cent, solution of 
starch, the product consists of maltose and dextrose only. As the 
dextrose increases in amount the maltose proportionately dimin- 
ishes, so that there is little doubt that the former is produced at 
the expense of the latter. There is no evidence for the view that 
the dextrose is formed in these circumstances directly from the 
starch (compare Davis, 3. Soc. Dyers, 1914, 30 , 249). In the same 
way the data obtained for the velocity of the action of fuming 
hydrochloric acid (p. 2065) are best interpreted by the view that the 
dextrose is formed from maltose produced as an intermediate 
product in the action. 

Willstatter and Zechmeister {loc. cit.) have called attention to 
the extraordinarily high values of the specific rotatory power of 
dextrose obtained in fuming hydrochloric acid solutions. Thue 
when dextrose is dissolved in acid of D r210 after about twenty 
minutes, [ajp"*' - I16'l“ (c = l'll), the ordinary value for an 
aqueous solution of dextrose being [a]};‘ 52-7°. It is probable (Davis, 
foe. cit.) that this great change of rotation, which takes place with 
extreme rapidity, a nearly constant value being obtained after a 
few minutes, is due to the transformation by the fuming acid of 
the whole, or nearly the whole, of the dextrose into the o-form, the 
specific rotatory power of which in aqueous solution is generally 
taken as about 110°. It has been shown recently that even in dilute 
aqueous solution the presence of neutral salts and of substances 
such as the alcohols, causes very considerable changes in the equili- 
brium existing between the two stereoisomeric forms of a hexose 
sugar (Walker, Proc. Roy. Soc., 1913, A, 88, 246; Worley, ibid., 
439). The effect of the fuming hydrochloric acid is apparently to 
convert the ^-dextrose, with [ajj^ *f 20°, existing in the equilibrium 
mixture of a- and j3-dextrose which is present in an aqueous solu- 
tiou of dextrose ([ajj, 52' 7°), largely into the a-forra, having a high 
rotation. 

Worley (T., 1911, 99 , 349) has drawn attention to one of the 
difficulties which arises in following exactly by means of the polari- 
meter the course of hydrolysis of polysaccharides by acids, owing to 
the dilute acid causing an alteration in the polarimetric end-point 
S'fter the actual hydrolysis is complete. An example is given of a 
solution containing 1 molecular proportion of sucrose, 1 of hydro- 
gen chloride, and 40 of water (approximately 50 per cent, sucroee 
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solution and 5 per cent, hydrochloric add) ; the reading was fom,j 
to rise after the lowest value was reached from 161 '20° to 161 '3350 
during about fifteen hours. With invert-sugar it might be thought 
that the rise of the reading is due to a destruction of the hevuloae 
present, as the latter is known to be readily destroyed by hydro- 
chloric acid (compare Davis and Daish, J. Agric, Sci.y 1913, 6 , 437 ^ 
The experiments now recorded, however, show that a similar change 
takes place in dextrose even in a I'll per cent, solution of the sugar 
in the presence of concentrated or fuming hydrochloric acid, Jq 
spite of the low concentration of the sugar, the change is far 
greater than when dilute acid is used. Thus in acid of D IT 83 
which gave a value for dextrose after ten minutes of [o]^ 63‘6lo' 
and after forty minutes [a]® 63 '73°, a value 65 '84° was obtained 
after seventy-two hours. This change of rotation must be distin- 
guished from the ordinary mutarotation change, which in concen- 
trated acid is complete after a few seconds. As the rotation rises 
the reducing power of the solution falls, so that with ordinary 
hydrochloric acid after ninety-six hours it is 92'5 per cent, that of 
dextrose. A similar phenomenon is observed in the case of the 
fuming acid (D 1 ‘ 201 ), but it is more difficult to follow, as in this 
case actual destruction of dextrose soon occurs (after about six 
hours), which masks the rise of rotatory power. The destruction 
becomes evident by the solution turning more or less yellow. 

The rise in the specific rotatory power and the simultaneona 
diminution of reducing povver of dextrose in the presence of hydro- 
chloric acid is probably due to a synthetic action occurring, accom- 
panied by the formation of a di-(or poIy-)saccharide. Emil Fischer 
(Ber., 1890, 23, 3687) obtained by the action of hydrochloric acid 
on a concentrated solution of dextrose a new glucobiose, to which he 
gave the name womaltose. This was obtained when dextrose waa 
dissolved in four times its weight of concentrated hydrochloric acid, 
and the mixture left for fifteen hours at 10 — 15°. The yield v'as 
2 '5 per cent, of the theoretical. More recently von Friedrichs 
(Arkiv, Kcm. Min. Geol., 1913, 5, No, 4), working under somewhat 
similar conditions, states that the product after twenty-four hours 
consists of 68 per cent, of dextrose, 18 per cent, of fsomaltose, 

8 per cent, of maltose, and 6 per cent, of unknown polysaccharides, 

In these experiments the sugar solutions were relatively concen- 
trated, In those recorded in the present paper it is a striking fact | 
that synthetic action still takes place, at the ordinary temperature, 
when the concentration of dextrose is so low as 1 per cent. 

The gradual formation from dextrose under the influence of 
fuming or concentrated hydrochloric add of a disaccharide having ; 
a higher rotatory power and a lower reducing power than dextrose 
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explains the fact that the hydrolysis of maltose or starch, when 
^pjuplete, calculated from the rotation, always seeme greater by 
about 5 to 7 per cent, than when calculated from the reducing 
power. A similar fact was observed in the case of cellulose by 
Willstatter and Zechmeister, who, however, considered that in 
I per cent, solution of dextrose in fuming hydrochloric acid no 
tsoinaltose is formed, on finding that in such acid dextrose 
appeared to retain for more than forty hours the same specific 
rotatory power.* This apparent constancy of the specific rotatory 
power is, however, due to the fact that the gradual destruction of 
dextrose (after twenty-five hours the solution has become decidedly 
yellow) masks the rise of the rotatory power which undoubtedly 
occurs (see p. 2058). The values given (below and pp. 2058, 2059) 
show very clearly that both with ordinary and fuming hydrochloric 
acid a rise of specific rotatory power of dextrose occurs, accompanied 
by a falling off of the copper reducing power. A certain amount of 
synthesis therefore occurs even in so low a concentration of dextrose 
as 1 per cent. 

The fact that small quantities of a carbohydrate other than 
dextrose are formed by the action of fuming hydrochloric acid on 
cellulose and starch militates against the use of this acid as a 
means of quantitatively estimating cellulose even if actual destruc- 
tion of dextrose were avoided. 


Experimental. 

Specific Rotatory Power of Dextrose in Fumitiy Hydrochloric Acid 

(D13-8 1.210). 

The fuming acid was prepared by saturating the ordinary con- 
centrated hydrochloric acid with gaseous hydrogen chloride at 13^. 

Experiment 1. — I'llOO Grams of anhydrous dextrose, dried in a 
vacuum at 105®, were dissolved in slightly less than 100 c.c. of the 
fuming acid, and the volume was made up to 100 c.c. at 15®. The 
sugar was completely dissolved in nine minutes. The solution was 
examined in a 2-dcm. jacketted tube at 16*3® to 17®. The tube 
was closed with an indiaruhber stopper to avoid loss of hydrogen 
chloride : 

* “ Oeterraschend ist es, class die Ausbeiite an Glucose beiunsererSalzsaure-Methode 
nicht durcli Bildung von Isonialtose herabgedriickt wild. Wir finden nun dass 
itre Bildung nur in der von E. Fischer ange\vandtcn konzentrierten Glncose- 
losimg erfolgt ” {Ber, 46, 2403). Ost [Ber., 1913, 46, 2995) has sugge.sted 
that with 3 per cent, or more of dextrose ‘‘reversion” to womaltose 
might be expected in the presence of filming hydrochloric acid ; the results here 
given show that it actually occurs even in 1 per cent, solutions of dextrose. 
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Time after 
solution started, 


in minutes. a^. 

23 2-57V 116-r 

360 2-684 116-4 


The reducing power of the solution was observed at intervals h 
diluting 10 c.c. portions of the solution with water, neutralisia! 
exactly with solid sodium carbonate, and treating with Pehlinp'^ 
solution under Brown, Morris, and Millar’s conditions (T Igg- 
71,72): ’’ 


Time after Dextrose Dextrose 

solution started. Mean CuO, calculated, found 

gram. gram. per cent. 

29 minutes 0-2747 0-1086 97-85 

5 hours 0-2710 0-1070 96-4 

23;; „ 0-2667 0-1052 94-7 


After twenty-three and a-half hours the solution had become quite 
yellow, showing that decomposition of the dextrose had occurred 

Ex-periment 2.— 1-9451 Grams of pure dextrose, dried in a 
vacuum at 105“, were dissolved in the fuming acid (D 1-210), and 
the volume was made up to 100 c.c, at 15°. The sugar was com 
pletely dissolved in fifteen mir utes. The solution was examined iu 
a2-dcm. tube at 16—16-5^: 

Time after 
solution started, 

in hours. Od. ^ 

H 4-459° 114-65° 

H 4-453 114-44 

Ten c.c. portions were withdrawn as before : 

Time after Dextrose 

solution started, Mean CuO, calculated, 

in hours. gram. gram, 

H 0-4457 0-1886 

251 (solution yellow) 0-4326 0-1812 

391 (solution quite yellow) 0-4304 0-1801 

Care must be taken in the above experiments in neutralising the 
hydrochloric acid with sodium carbonate to avoid any considerable 
rise in temperature. If sodium hydroxide is used, the local 
development of heat generally brings about marked decomposition 
of tile sugar. 

Experiment 3. A slightly less concentrated fuming hydrochloric 
acid used (D^^ 1-201); 1*1111 grams of anhydrous dextrose 
were dissolved in the acid, and made up to 50 c.c. at 20®. The 
solution was examined in a 220-mm. tube at 20®; 

Time from start. a,.. TaP o 


ap. LaJn ■ 

15 minutes 4-660° 95 . 3 ® 

3 hours 4.688 95.9 

“I hours 4-698 96-1 


Dextrose 
found, 
per cent. 
96-99 
93-2 
92-6 
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After BLS aiid a-quarter haurs readings were not taken, as the 
decomposition of the sugar masked any rise in the specific rotatory 
ower. It was at first thought that the low results obtained for 
the dextrose calculated from the values for the reducing power were 
due to an influence exerted on the latter by the large amount of 
gcdium chloride present in the solution after neutralising the hydro- 
chloric acid. Direct experiments were therefore made with a solu- 
tion of dextrose, to which the same proportion of sodium chloride 
was added as was present in the actual solutions worked with 
(6’6 grams of sodium chloride in 100 c.c. during the reduction). 
It was found that the presence of the sodium chloride made no 
perceptible difference. Thus, for instance, when 0T513 gram of 
dextrose was taken, 0'1502 gram of dextrose was found, or 99’ 3 per 
cent, a result almost within the limit of experimental error of the 
method. 

From the above tables the extraordinary influence on the specific 
rotatory power of dextrose of a slight increase in the concentration 
of the fuming hydrochloric acid becomes apparent. Using acid of 
D 1'201 (39*3 per cent. HCl), the specific rotatory power of freshly 
dissolved dextrose is about 95’5°. With acid of D 1’210 (41’0 per 
cent. HCl) for a 1 — 2 per cent, solution, the specific rotatory power 
of dextrose may be taken as 115° It is very nearly 

constant during the short periods of one to two hours which are 
necessary to bring about complete hydrolysis of starch or maltose 
to dextrose, but even after one and a-quarter hours the values given 
above for the reducing powers show that marked synthetic action 
on the dextrose has actually occurred, and after three hours the rise 
of specific rotatory power shows that this change is still taking 
place. The following figures obtained with the ordinary concen- 
trated hydrochloric acid (D^^ ri63) show this action even more 
distinctly; with this strength of acid it is possible to follow the 
action for longer periods without marked decomposition of the 
dextrose occurring, such as masks the change in the case of the 
fuming acid. 


Action of Ordinary Concentrated Hydrochloric Acid (D 1*163) 
on Dextrose. 

Berks 1. — I’ll 11 Grams of dextrose, dried in a vacuum at 105°, 
were dissolved in concentrated hydrochloric acid (D 1’163), and the 
volume made to 50 c.c. at 20°. The solution was examined in a 
220-mm. tubeat20°: 
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ne from start. 

a. 

r iSO 

Wd 

10 minutes 

3-110® 

63-61® 

40 „ 

. 3-116 

63-73 

2 hours 

. 3-118 

63-77 

48 

3-217 

65-80 

72 

. 3-219 

65-84 


Series 2.— 5 ’0286 Grams of anhydrous dextrose were dissolved 
concentrated hydrochloric acid (D 1-163), and the volume made up 
to 200 c.c. at IS'^. The solution was examined in a 220-mm. tube 
at 15°. Portions of 25 c.c. each were withdrawn at intervals 
neutralised with solid sodium carbonate, and made up to 200 c.c! 
at 15°, 50 c.c. portions being then taken for the reducing-po^^r 
determinations {=0-1571 gram of dextrose): 


Time from start. 


[»]f“ 

CuO from 
50 C.C., 
grams. 

Dextrose 

found, 

grams. 

Dextrose^ 
per cent, 

34 minutes 

3-482° 

62-96° 

0-3793 

0-1553 

98-85 

234 hours 

3*612 

65-31 

0-3686 

0-1506 

95-85 

474 

3*615 

65-37 

0-3619 

0-1473 

93-77 

3*627 

65-58 

— 

— 


95 ! 

3-630 

65-64 

0-3580 

0-1453 

92-5 


Even aiter ninety-six hours the solution had only just begun to 
show signs of decomposition, a faint yellow coloration being pro- 
duced. With the fuming acid this occurs after twelve hours to a 
very marked degree. 


ActM of Fuming Hydrochloric Acid on Starch. 

Experiment 1. — 0-9276 Gram of purified potato starch, dried in 
a vacuum at 130° over phosphoric oxide, were dissolved in tb 
fuming acid (D 1'210) and the volume made up to 100 c.c. at 15®, 
The starch very rapidly passed into solution, being first gelatinised 
and then dissolved. The solution was somewhat cloudy at first, but 
this soon cleared. The above weight of starch should yield 1'03I 
grams of dextrose. 

The solution was examined in a 2-dcm. tube at IS'S — 16'1°: 


Time after 

solution started. a,.. [a]]® Remarks. 

17 hours 2*330'' 113*00° Solution yellow. 


The reducing power of 10 c.c. was ascertained after eighteen 
hours : 

Dextrose Dextrose 
Mean CuO, found, found, 

gram. gram. per cent. 

0*2467 0*0970 94*1 

Experiment 2. — T9172 Gfams of anhydrous starch were dissolved 
in slightly less than 200 c.c. of fuming acid at 15°, and the volume 
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vas ffiade up exactly 200 c.c, at that temperature. The starch 
yas completely dissolved in eighty minutes. The above weight of 
itarch should yield 2T30 grams of dextrose. The solution was 
•xainined in a 2-dcm. tube at 15 — 16-3°: 

Time after solution started, 


in minutes. Od. 

85 3- 104^ 

lU 2-872 

196 2-580 

319 2-497 

454 2-473 —solution becoming yellow. 


Taking the value observed when the solution is first becoming 
rellow, namely, 2’473°, and calculating on the theoretical weight 
,f dextrose, 2'130 grams, we have 116-1° which shows a 

)ractically complete conversion of the starch to dextrose. 

];J xperiTn^nt 3. — 2-4147 Grams of anhydrous starch were dissolved 
n fuming acid (D 1-210), and t^he volume was made up to 200 c.c. 
.t 15° The starch was completely dissolved in two hours. The 
ibove weight of starch should give 2*6835 grams of dextrose. 

The solution was examined at intervals in a 220-mm. tube at 
6-17°: 

Time after solution started, 


in minutes. a^. 

125 3-86H 

265 3-459 

400 3-430 — solution turning yellow. 

605 3-424 


Taking the value observed of 3*430°, we have 116*2°., 

Portions of 10 c.c. each were withdrawn at intervals, neutralised 
,ith solid sodium carbonate, and the reducing power was deter- 
lined ; 


Time after Dextrose 

jlutioii started, Mean CuO, found, Dextrose, 

in minutes. gram. gram. per cent. 

135 0-2770 0-1095 85-6 

270 0-3107 0-1240 92-44 

410 0-3135 0-1252 93-3 

600 0-3132 0 1251 93-23 

1895 0-3108 0 1 240 92-44 


The above experiments show that whereas the specific rotatory 
>ower of the product is practically identical ([a]jj 116°) with that 
f pure dextrose in hydrochloric acid of the same concentration, so 
hat the conversion is practically 100 per cent., the value found 
ir the latter from the reducing power of the product, calculated 
►y the ordinary tables, is about 7 per cent. low. This is un- 
loubtedly due, as explained above (p. 2057), to the action of the 
lydrochloric acid on the dextrose itself, giving rise to a di- or poly- 
accharide (womaltose). 

VOL. cv. 6 S 
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Aciion of Fuming Hydrochloric Acid on Maltotc. 

1 0363 Grama of maltose dried at 100 — 105° in a vacuum over 
phosphoric oxide were dissolved in fuming acid 1*210), and 
the volqme was made up to 100 c.c. at 16°. The sugar was com- 
pletely dissolved in thirteen minutes. The above weight of maltose 
should give T094 grams of dextrose. 

The solution was examined in a 2-dcm. tube at 15’5 — 16‘5°: 

Time after solution started. 


in minutes. an. 

22 3-661*’ 

77 2-819 

192 2-641 

357 2-604 

552 2-484 — solution turning yellow. 


Tajjing the last value, we have 113*55°. 

Portions of 10 c.c. each were taken as before, and the reduction 
was estimated: 


Time after Dextrose 

solution started, Mean CuO, found, Dextrose, 

in minutes. gram. gram. per cent. 

49 0-2069 Maltose still present. 

573 0 2t)36 0-1039 94-9 


This experiment shows that maltose in 1 per cent, solution is 
almost as resistant to hydrolysis by fuming hydrochloric acid as 
starch itself under similar conditions, the action being complete 
after about six or seven hours at 15°. Exactly the same relation- 
ship between the specific rotatory power and reducing power of the 
product is observed as in the case of starch and dextrose. 


* Action of Ordinary Concentrated Hydrochloric Acid on Starch. 

Pure hydrochloric acid (D^^ 1*163) was used ( = 32*1 per cent, 
HCl). The initial value of [a]i,® for dextrose (1*0401 grains in 
100 c.c. of this acid) was found to be 63*55°; after forty-eight hours 
it was 65*8°. 

Experiment 1. — 3*5448 Grams of potato starch, dried in a 
vacuum at 130° over phosphoric oxide, were dissolved in concen- 
trated hydrochloric acid (D^® 1*163), and the volume was made up 
to 250 c.c. at that temperature. The greater part quite readily 
dissolved, but some starch was converted into a horny mass, which 
only dissolved slowly. All the starch was, however, dissolved in 
two hours. The above weight of starch should give 3*9390 grams 
of dextrose. The solution was examined in a 2-dcin. tube at 
15*5-^16*5°. The solution was quite clear: 
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Time after 

solution started, 

in hours. 

m 



22 ? 

30 


Op. 

3-137“ 

Time after 
solution started, 
in hours. 

41 

Op. 

2-147' 

2-933 

47 

2-119 

2-671 

49 

2-091 

2-344 

90 

2-090 


Taking the value 2*090° and calculating on 3'939 grams of 
dissolved solid (as dextrose), we have [a]},® 66*3°. 

portions of 10 c.c. each were withdrawn at intervals, neutralised 
ffith solid sodium carbonate, and the reducing power was deter- 
mined : 


Time after 
solution started, 

Mean CuO, 

Dextrose 

found, 

Dextrose, 

in hours. 

gram. 

gram. 

Per cent. 

m 

0-2866 

0-1135 

72-04 

23 

0-3204 

0-1283 

81-4 

41J 

0-3561 

0-1445 

91-7 

mi 

0-3642 

0-1486 

94-3 

114 

0-3645 

0-1488 

94-4 


Experiment 2. — 2*0480 Grams of dry potato starch were dissolved 
iu concentrated acid (D 1*163), and the volume was made up to 
200 c.c. at 15°. The starch was slowly added to the acid so as to 
facilitate the solution, and was completely dissolved iu sixty-five 
niinutes. The above weight of starch should yield 2*2755 grams 
of dextrose. 

The solution was examined in a 220-mm. tube at 15*5 — 16*5° i 


Time after 
solution started. 

ap. 

Time after 
solution started, 

Bd. 

65 minutes 

... 4-364'' 

31 hoxirs 

.. 1-800' 

41 hours 

.. 3-896 

47 „ 

.. 1-677 

12 „ 

.. 2-685 

m „ 

.. 1-682 

23 

.. 2-000 

95^ „ 

.. 1-664 

29 „ 

... 1-842 ' 

120^ „ 

.. 1-646 


Calculating for the reading after one hundred and twenty hours, 
we have [a] 65*7°. Portions of 10 c.c. each were taken as before, 
and the reducing power was determined ; 


Dextrose 

Time after Mean CuO, found, Dextrose, 

solution started. gram. gram, per cent. 

85 minutes 0-0360 0-0140 12-3 

hours 0-0984 0 0382 33-6 

23 „ 0-2371 0-0930 81-7 

48 „ 0-2711 0-1071 94-1 

96 0-2791 0-1104 97-0 

122 „ 0-2772 0-1097 96-4 


These two experiments show that after about fifty hours hydro- 
lysis of the starch is complete (100 per cent.), the value obtained 
for the polarisation being the same as for dextrose in acid of the 
same concentration. The difference between the results by polari- 

C s 2 
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sation and reduction (about 6 per cent.) is again due to the forma- 
tion of i^omaltose. In experiment 2 the rotatory power remairiec} 
constant between the forty-seventh and eeventy-third hour, but sub- 
sequently destruction of the dextrose by the acid took place, and 
the solution became decidedly yellow (compare Ost, Ghem, 

1911, 35 , 1125). 

Fuming hydrochloric acid (41 per cent. HCl) is seen to hydrolyse 
the starch more than ten times as rapidly as the ordinary concen- 
trated acid. 

Action of more Dilute Hydrochloric Acid (D^^ 1*083; 

-16'7 per cent. HCl) on Starch. 

Bxyerment 1. — 2*0564 Grams of dry potato starch were slowly 
added to about 200 c.c. of the acid at 15°. The starch was first 
gelatinised, and was dissolved in two and a-half hours. The above 
weight of starch should give 2*2849 grams of dextrose. 

The solution was too opalescent at first to bo examined in the 
polarimeter, but afterwards the following readings were taken in a 
2-dcm. tube at 15*5— 16'5°; 


Time after 

Time after 


solution started, 

I solution started, 


in hours. 


in hours. 

Qi.. 



. 4>117 

118i 


m 

. 4-092 

173| 

3-78.5 

72i 

. 4-012 

192 

3-742 

Portions of 10* c.c. 

were taken as before: 


Time after 


Dextrose 


solution started, 

Mean CuO 

, found, 

Dextrose, 

in hours. 

gram. 

gram. 

per cent. 

3 

0-0028 

— 

— 

2il 

0-0149 

0-0058 

5-0 

47 

00163 

0-0063 

5-5 

119 

0-0358 

0-0139 

12-1 

191 

01171 

0-0454 

15-9 


(from 25 c.c.) 



Although the starch dissolves readily in hydrochloric acid of 
I) 1*083, the conversion into dextrose takes place extremely slowly, 
BO that after forty-eight hours only about 5 per cent, of dextrose 
has been formed. The value of calculated as starch from the 
reading after twenty-two and three-quarter hours, is 200*2°. 

Experiment 2, — 2*2708 Grams of dry starch were added to 
200 c.c. of hydrochloric acid 1*049 = 10 per cent. HC^), 
the whole was kept at 15°. There appeared to be very little action 
on the starch, the latter not even being gelatinised. After four 
days the solution was filtered from the starch, and examined in a 
4-dcm. tube at 15*5—16*5°. The reading obtained was 0'412° 
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showing that very little starch had dissolved or been hydrolvsed 
to dextrose. 

Hence the limiting concentration of hydrochloric acid in which 
potato starch will readily dissolve at the ordinary temperature lies 
between D 1-083 and D 1-049. ^ perature lies 

KOTHAMSTED ExPEEIMENTAL StATIOK, 

Ha R PEN DEN. 


of Hydrolysis of Starch and 
Maltosa by Cold Concentrated and Fuming Hydro- 
chloric Acid, ^ 


-Hy Arthur John Daish. 

The velocity of hydrolysis of starch and maltose by cold concen- 

f ^ polarimetri- 

cally at 20 00° ; the results obtained throw an interesting light on 
the nature of the changes occurring during the hydrolysis of polv- 
saccharides and afford confir^tion of the views put forward by 
Davis f Soc. Dyers 1914, 30, 249) to explain certain abnormal^ 
BUrch and showing the velocity of action of enzymes on 

The great change of rotatory power which occurs when dextrose 
IS d, solved in fuming hydrochloric acid is doubtless due to the 

M™t Ttb constitutes about 

63 per Mnt. of the equilibrium mixture existing in aqueous solution) 

mto wglucose ([a]„ 110°). Similarly, if the initial specific rotatory 
power of maltose m fuming hydrochloric acid is calculated from 

lir^ f 1™ I has taken place, 
value of [a]„ 157-4 is obtained for acid of 1-201 • for the 

or mary concentrated acid in a similar manner a value raP® Hl-Qo 
IS obtained, men maltose is dissolved in water it shows muta- 
wh“r«r«'’Im;fio"lv «q‘>ilibrium is ^tablished 

l it? pa-mn^tesc) with [a]„ 114° and a-glucosiAa- 

!u ? '''th [a]„ as yet unknown, but probably 

gher han 160°, The result of dissolving maltee in fuminn 
^ equilibrium existing between these 

«' Wgh rotate^ peter. ^ proportion of the aa-maltose 

It has been suggested recently (Davis, loc. eit.) that the hydro- 
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lysis of polysaccharides, for example, starch and maltoee, by 
enzymes, does not follow the simple unimolecular law of mass action 
because the action occurring is not a single change, but is made 
up of a series of successive changes. Thus in the case of maltose 
three changes at least occur : 

(1) j3a-maltose ^ aa-maltose. 

(2) aa-maltose 2 mols, a-glucose. 

(3) o-glucose — equilibrium mixture of a- and jS-glucose. 

The velocity of the main change (2), which is brought about by 
the enzyme, will, as a mass action, be modified by the velocity with 
which changes (1) and (3) occur; in the faintly acid or nearly 
neutral solutions in which enzyme actions take place, these changes 
take an appreciable time, so that the velocity-coefficient of the main 
change (2), when calculated by the ordinary unimolecular equation 
is not a constant, but undergoes considerable vairiation during the 
course of the change. 

When fuming hydrochloric acid is used to effect the hydrolysis 
of maltose the case is different. The greater part of the jSa-maltose 
is converted almost instantly into the form of higher rotatory power 
BO that immediately after the solution is made up the rotatory 
power has reached the high value [a]^'® 157*4°. 

After the hydrolysis of aa-maltose is complete the o-glucow 
remains largely or completely in the a-form, without undergoing 
change into the j5-form. The consequence is that the disturbing 
effect of the changes (1) and (3) on the velocity pf the Tnalo change 
ie largely eliminated ; this is made evident by the fact that during 
the whole of the hydrolysis of maltose by fuming acid the velocity- 
coefficient is practically a constant, varying only from 0*0103 to 
0‘0106, a variation which can be accounted for by experimental 
error. In this case a single change only occurs. 

With ordinary hydrochloric acid, however, in which maltose dis- 
solves as an equilibrium mixture not very different from that exist- 
ing in aqueous solution ([ajf'* 14P instead of 137*6°), the effect 
of equation (1) on the velocity-coefficient of the total change 
becomes distinctly visible. A steady rise in the velocity-coefficient 
occurs, namely, from 0*00170 to 0*00186, a variation of about 
10 per cent. 

When the hydrolysis of starch by acid is considered, the series 
of changes is more complex. In order to avoid the difficulty that 
arises with ordinary starch owing to the appreciable time that 
elapses before the solid passes completely into solution, soluble 
starch was used throughout. Even when soluble starch is the 
starting point, several stages have to be passed through on the 
way to dextrose ; dextrins and maltose are formed as intermediaries. 
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Xhe resuli is that in the case of fuming hydrochloric acid the 
velocity-coefficient changes to a much greater extent than even with 
maltose and ordinary hydrochloric acid. There is a steady rise from 
00052 to 0*0063, a range of variation of 23 per cent. With 
ordinary concentrated hydrochloric acid the variation of the coeffi- 
cient is stiU greater, namely, from 0-00111 to 0*00144; the range is 
30 per cent. 

The transformation of cellulose into dextrose studied by Will- 
statter and Zechmeister {Ber., 1913, 46 , 2401) affords an extreme 
instance of the departure of the law of action from the ordinary 
unimolecular law, owing to the occurrence of successive actions. On 
p. 2072 is given a table showing the results obtained by calculating 
from Willstatter and Zechmeister's data the value of the ordinary 
velocity-coefficient K^logaja^x. Fig. 1 shows the velocity curve. 
During the earlier period (the first two hundred minutes) this 
exhibits a double inflexion, and exactly coiresponds in character 
with the curve of hydrolysis of starch to dextrose by means of 
taka-diastaee (Davis and Daish, J, Agric. Sci, 1914, 6, 152); as in 
the latter case, the velocity- coefficient calculated for a unimolecular 
equation at first rises and then falls (Davis, loc. cit.^. During this 
period the cellulose is transformed into a soluble polysaccharide, 
having no rotate^ power, then into dextrin-like compounds, and 
finally into cellobiose ; this substance, as shown by the experiments 
made with it by Willstatter and Zechmeister, is relatively slowly 
attacked by fuming hydrochloric acid. The latter part of the curve 
in Fig. 1 (from two hundred and fifty minutes to three thousand one 
hundred minutes) probably represents mainly the transformation 
of this sugar into dextrose; it is nearly logarithmic; but during the 
period 205—450 minutes, cellobiose is still being formed from the 
cellulose, so that there is a reinforcing effect on the ordinary mass 
action, and the coefficient rises from 0*000401 to 0*000536. Sub- 
sequently it becomes more constant for the rest of the trans- 
formation. 

We have then, exemplified in the action of fuming and concen- 
trated hydrochloric acids on starch and cellulose, the result of a 
series of successive and overlapping changes, the mathematical 
an^ysis of which would be of a highly complicated character. 
These changes show very great similarity to many cases of enzyme 
a-ction, and justify the view put forward by Barendrecht (Bio- 
chem. 1913, 7 , 548) and Davis (loc. cit.) that the departure of 
the law of action of enzymes in many cases from a simple uni- 
Diolecular ec[ua{ion is due to the fact that in such cases a series 
of changes really occurs. When the subsidiary changes, which 
usually give rise to mutarotation effects, can, as in the case of 
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fuming acid and maltose, either be suppressed or rendered extremal, 
rapid relatively to the main change, the action more and mori 
cicely approximates to the simple unimolecular law. 

Expebimental. 


Action of Fuming Hydrochloric Acid on Maltose, 


r0555 Grams of carefully purified anhydrous maltose (dried in a 
vacuum at 105°, [o]^ 137-6° in 1 per cent, aqueous solution) were 
dissolved in fuming hydrochloric a.cid I'SOl); the volume was 
made up to 50 c.c. at 20° and the solution examined in a 220-ratti, 
tube at 20 00° 

When the velocity-coefficient is calculated from the ordinary 
unimolecular equation -2’=!/^ logigtz/^J— a:, values ranging from 
0-0094 to O'OIOI are obtained, the mean value being 0’0098. 

This equation necessitates the use of an initial value correspond- 
ing with time ^ = 0; this was obtained as accurately as was possith 
by continuing the curve (Fig. 2) backwards, so as to cut the axis 
of t As emphasised by Worley (T., 1911, 99, 352), any error in 
this initial value affects the accuracy of the whole series of valu^ 
calculated for K. It is therefore preferable to calculate F. from 
Worley’s modified form of the equation : 


K\oge^ 




where a-x^ and n-ajg are the concentrations of sugar at times 
and U respectively, the successive intervals of time being taken 
as small as the accuracy of the observations will allow or tbe 
rapidity of the change demands. This has been done in table I 


Table I. 

Action of Fuming Hydrochloric Acid on Maltose at 20'00°. 


Time in minutes. 

fit. 

a; - floo ■ 

Kflog e. 

0 

— 



10 

6- 85 

2. 16 

— 

15 

6-63 

1*94 

— 

20 

6-43 

1-74 

— 

25 

6*24 

1-65 

— 

30 

6*07 

1*38 

— 

35 

5*90 

I-2I 

— 

40 

5*75 

106 

00103 

45 

5-63 

O' 94 

0*0105 

50 

5-53 

0-84 

0*0105 

56 

5‘44 

0-75 

0*0105 

60 

5-36 

0*67 

0*0105 

65 

5-28 

0*53 

0*0104 

70 

5-20 

0*51 

0*0106 

75 

5-14 

0*45 

0*0106 

80 

5-08 

0-39 

{0*0111) 

85 

502 

0*33 

— 

90 

4-96 

0-27 

— 

Final 

4-69 

Mean 

. 0*0)05 
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The values obtained for K by this method of calculation are 
probably more accurate than those obtained from the ordinary 
equation. It is seen that within the limits of experimental error 
the value of K log c is constant. 

Action of Ordinary Concentrated Hydrochloric Acid on Maltose, 

1 0555 Grams of anhydrous maltose were dissolved in concen- 
trated hydrochloric acid MSS), and the volume was made uj) 
to 50 ac. at 20®. The solution was examined in a 220-inm tube at 
20-00® (Fig. 1). 


Fio. 1, 



Action of coneeTUraied hydrochloric acid (a = M63) on starch and maltose at 20°. 

Calculating the value of Xloge by Worley’s equation we have 
he following values for the velocity-coefficient. 

Table II. 

Action of Concentrated Hydrochloric Acid on Maltose at 20’00®. 


Time in minutes. 

0 

a,. 

” ‘'oo • 

K log c. 

50 




100 



1^.49 



150 

200 

4-7fi 

1-878 

— 

250 

4-47 


(0-00170) 

300 

4 . 5^3 


350 

4.04 



400 

3.fi7 

U 

0‘658 

0-00178 

fi.nni 

450 

3 . 7 .^ 


u*uui so 

A AA1 0 1 

500 


U’OOO 

UUUio** 

n QO 

550 



3 .. 57 

U'ioo 

0*358 

U'UUloo 
ft.nn 1 429 

600 

3-.5n 

0‘288 

U*UUio*i 

650 

3.44 


u*uui /y 

A, Afil ft A 

Final 


\)*Zco 

U'uUloU 




Mean 

0-00180 
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The velocity-coefficient is clearly not constant. There is a stead 
rise in the value as time proceeds. For comparison, however, ^dt), 
the results with the fuming add a mean value of K has 
calculated. It is nearly constant during the latter stages of 
action. 


Action of Fuming Hydrochloric Acid on Soluble Starch. 

I'OOO Gram of soluble starch ([a]“° 198°, c = 2; .5=1-0) dried ic 
a vacuum at 130° was dissolved in concentrated hydrochloric acid 
T201), and the volume made up to 50 c.c. at 20*0°; tie 
solution was examined in a 220-mm, tube at 20-0° (curve, Fig. 2) 


Table III. 


Action of Fuming Hydrochloric Acid on Soluble Starch at 201)0'^ 


Time in minutes. 

Of 

- «ao • 

K log e. 

5 

10-20° 

6-5r 


10 

9-90 

5-21 



15 

9-01 

4-92 



20 

9-32 

4-63 



25 

906 

4-36 



30 

8-78 

4-09 



35 

854 

3-85 

0-0052 

40 

8-30 

3-61 

0-0053 

45 

8-07 

3-38 

0-0054 

50 

7-85 

3-16 

0-0055 

65 

7-64 

2-95 

0-0057 

60 

7-43 

2-74 

0*0058 

65 

7-24 

2-55 

0-0060 

70 

7-06 

2-37 

0-0081 

75 

6-89 

2-20 

0-0062 

80 

6-73 

2-04 

0-0063 

85 

6-59 

1-90 

0-0064 

90 

6- 46 

1-77 

00063 

Final 

4-69 

— 



In the case of soluble starch the velocity-coefficient is not con- 
stant, but rises continuously throughout the hydrolysis. The range 
of variation is about 20 per cent. 


Action of Concentrated Hydrochloric Acid on Soluble Starch, 

2*000 Grams of anhydrous soluble starch were dissolved in concen- 
trated hydrochloric acid (D 1'163), and the volume was made up to 
100 c.c. at 20*0, The soluEion was examined in a 220-inm. tube 
at 20*0° (Fig. 3). 



■s 0-8 

0'8 


V 

f — 








0-4 











0-2 

-j: 











n 










200 400 600 800 1000 1200 1400 1600 1800 

Timt in minutes. 

Ad'ion (if fuming hydrochloric add (a = 1*210) on cellulos^c ( IVilisidUer and 
Zechmeister). * 
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Table IV. 

Concentmted Hydrochloric Acid on Soluble Starch at 20'0°. 


Time in minutes. 

Of. 

ftf «QQ ■ 

K log 

0 

50 

8-34° 

5-13'' 


100 

7-80 

4-59 



150 

7-25 

4-04 


200 

6-75 

3-54 

— 

250 

6-20 

3-08 

0-001 u 

300 

5-86 

2-65 

000119 

350 

5-47 

2-26 

0-00126 

400 

5-09 

1-88 

0-00137 

450 

4-80 

1-59 

0-00143 

600 

4-57 

1-36 

0-00145 

550 

4-37 

M6 

000145 

600 

4-20 

0-99 

0-00139 

650 

4-05 

0-84 

0-00139 

700 

3-92 

0-71 

0-00141 

750 

3-80 

0-59 

0-00147 

800 

3-72 

0-51 

0-00144 

Final 

3-21 






The velocity-coefficient rises continuously throughout the change 
the range being nearly 30 per cent. 


Table V. 

Action of Fuming Hydrochloric Acid on Gelhdosc (Fig. 3). 

Velocity of hydrolysis for the whole action, calculated for the 
simple unimolecular equation, from Willatatter and Zechmeister's 
data. 


Time in minutes. 

0/, 


t - Or 

0 

000" 

1-97° 


40 

0-02 

1-95 

113 

105 

0-13 

1-84 

283 

115 

0-18 

1-79 

362 

130 

0-25 

1-72 

461 

145 

0-27 

1-70 

442 

155 

0-28 

1-69 

430 

170 

0-29 

1-68 

407 

185 

0-29 

1-68 

374 

205 

0-34 

1-63 

401 

255 

0-47 

1-50 

464 

450 

0-84 

M3 

536 

480 

0-89 

1-08 

544 

515 

0-93 

1-04 

539 

575 

1-02 

0-95 

551 

1665 

1-68 

0-29 

500 

1925 

1-76 

0-21 

505 

3100 

1-97 




The velocity-coefficient rises to a maximum, then falls, and again 
rises and again falls. 
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Table VI. 

Action of Fuming Hydrochloric Acid on Cellulose, 

Velocity of hydrolysis during latter part of action, calculated by 
means of Worley’s equation. 


10 in minutes. 

at (from 



curve). 


K lull ex 

200 

0’335° 

1-635" 


300 

0-570 

1-400 


400 

0-760 

1-210 


500 

0-915 

1-055 


600 

1-040 

0-930 



700 

1-140 

0-830 


800 

1-225 

0-745 


000 

1-300 

0-670 


1000 

1-370 

0-600 

544 

1100 

1-430 

0-540 

517 

1200 

1-490 

0-480 

502 

1300 

1-540 

0-430 

487 

1400 

1-583 

0-387 

476 

1500 

1-624 

0-346 

475 

1600 

1-660 

0-310 

476 

1700 

1-691 

0-279 

476 

1800 

1-724 

0-246 

484 

1900 

1-751 

0-219 

490 

Final 

1-970 

— 



The velocity-coefficient at first falls rapidly and then again rise: 

EOTHAMSI’KD ExPEKIMf:NTAL STATION, 

Harpendek. 


(^K^llL—’Quinone-ammomuriL Derivatives. Part IV. 
Products of the Extreme Alkylation of Alkylated 
mFicramic Acid. 

By Raphael Meldola and William Fjrancis Hollelv. 

h the course of experiments having for their object the synthesis 
of quinane-ammonium derivatives containing an asymmetric quin- 
quevalent nitrogen atom it has been shown that the third alkyl 
radicle may, in the case of ?>opicramic acid, attach itself to the 
oxygen of the hydroxyl group instead of to the nitrogen atom (this 
VO p. 1469). Instead of the quinone- ammonium compound there 
would therefore be formed under these conditions an isomeric 
P enolic ether (toe. cit.^ p. 1470). In view of this discovery it was 
pointed out in our last paper that a further study of the products 
0 t e extreme alkylation of the alkyl derivatives of isopicramic 
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acid under various conditions had become necessary, and we 
accordingly carried out a series of experiments with mono- 
di-methyl- and with mono- and di-benzylwopicramic acids, the com. 
p]ete alkylation of these compounds having been effected by meanj 
of methyl and ethyl sulphate respectively. The general result of 
these experiments is to show that in nearly all the cases studie,] 
the isomeric compounds I and II are formed simultaneously: 

O.c. 0 



In confirmation of our former conclusion it appears, therefore, 
that when the nitrogen atom is weighted by a certain number of 
radicles heavier than methyl, further alkylation affects the hydroxyl 
group as well as the dialkylamino-group, notwithstanding the steric 
protection of the former. In the case of methyl alone, as made 
known in the first communication on the quinone-ammonium com- 
pounds (T., 1912, 101, 912), is the alkylation confined to the 
nitrogen atom, the hydroxyl group remaining un attacked under all 
conditions of methylation by methyl sulphate. When a and h are 
both represented by benzyl, the other extreme is reached, and 
alkylation is then restricted to the hydroxyl group, the phenolic 
ether being the sole product. 

The phenolic ethers and the isomeric quinone-ammonium deriv- 
atives obviously belong to different types of compounds, and diger 
accordingly in their general characters. The former all crystallise 
in ochreous scales having much lower melting points than their 
isomerides; they are readily soluble in alcohol, and are possessed 
of but very feebly basic properties, some of them dissolving to a 
slight extent in concentrated hydrochloric acid to form salts which 
are immediately dissociated by water. The phenolic ethers are 
readily de-alkylated at the alkyl oxy-group by heating with sulphuric 
acid diluted with a little water. Attempts to replace the nitro- 
groups in these compounds by reduction, and the application 
the diazo-reaction according to the method which has given sach 
successful results with the quinone-ammonium derivatives have 
invariably failed owing to the highly oxidisable character of the 
diaminobasee which rapidly give rise to resinous products. The 
quinone-ammonium compounds, unlike their isoraerides, are dis- 
tinctly basic, and can therefore be readily separated from the latter 
by acid extraction. They are but very sparingly soluble in alcohol, 
and resist de-alkylation by the sulphuric acid treatment ; in the case 
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.yf benzyl only can the ra^ci© be detached from the nitrogen atom 
Iby this treatment, but this decomposition can only be effected by 
the more violent action of practically concentrated Bulphuric acid 
heated to its fuming point. 

The formation of phenolic ethers instead of quinone-ammonium 
compounds was suspected, and referred to in our last paper (this 
vol, PP- I486). From the experimental part of this 

paper it will be seen that this suspicion has been fully justified, 
the compound containing, methyl, ethyl, and benzyl, for example 
(he. ciL, p. I486), having now been shown conclusively to be an 
ether, and not the quinon^amraonium derivative. At the same 
time a more exhaustive investigation of the method of alkylation 
has shown that the condition least favourable for the production 
of the quinone-amrnonium compound is that the alkyl derivative 
to be subjected to extreme alkylation should be in the first place 
heated for some time in methyl or ethyl sulphate solution, and the 
reaction then completed by aqueous alkali in the usual way. Direct 
treatment of the alkyl derivative with methyl or ethyl sulphate and 
aqueous alkali as in the ordinary process in some cases favours the 
production of the quinone-ammonium compound at the expense of 
its isomeride. By taking advantage of this property of the alkyl 
sulphates we have now succeeded in preparing for the first time 
the quinone-ammonium compound containing an asymmetric quin- 
quevalent nitrogen atom attached to the radicles methyl, ethyl, and 
benzyl : 


NO, 


/Nno, 


(or betaine formula) 


NO. 


0-0, H3 

NO, 


n{ch3)(c,hj-c,h, n(ch3;-cvh, 

The yield in this case is, however, small, the main product being 
the phenolic ether, 2 : 6-dinitrobenzylmethyl-;^phenetidine (see above 
formula), already described (loc. cit., p. 1486). 

The majority of the compounds which it has been found neces- 
sary to prepare for the present research have hitherto been unde- 
scribed, and their character and modee of preparation are given 
in the following section of this paper. 


Experimental. 

Ethylation of Methylisopicramic Acid. 

Methylisopicramic acid (2 : 6-diuitro-4-methylaminophenol) was 
prepared from methyl-p-aminophenol by a modification of the 
process which has been found to give successful results in the 
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preparation of jsopicramic acid (Meldola, HaJe, and Thom' 
Chemical World, 1912, 1 , 327), Aa there is some difficult^ 


7 in 
prepara. 


meeting the precis© conditions necessary for the suoc^ful 
lion of this compound the following details may b© useful ;* 
Methyl-p-aminophenol is converted into a diacetyl derivative t. 
dissolving the substance in acetic anhydride, and, after the 
reaction is over, adding a few drops of concentrated sulphuric acid 
and allowing the solution to remain for some hours at the atn^. 
spheric temperature. The product is precipitated by diluting the 
solution with water so as to decompose excess of acetic anhydride 
and partly neutralising with ammonia as the diacetyl derivative ’ 
somewhat freely soluble in dilute acetic acid. The crystalline 
diacetyl derivative is collected, washed with water, and then hydro 
lysed by dissolving in cold dilute sodium hydroxide solution, and 
precipitating by hydrochloric acid. By this treatment the O-acetyl 
Is easily detached, and the phenolic monoaoetyl derivative obtained 
This compound crystallises from water in silvery scales melting at 
245'^. The nitration is best effected in small batches (2*5 grams) 
by suspending the crystalline compound in a little glacial acetic 
acid, and then adding gradually to the solution cooled in ice the 
necessary quantity (3 c.c.) of fuming nitric acid diluted with an 
equal volume of glacial acetic acid. The addition of the nitric acid 
causes the acetyl derivative to pass into solution, the beaker con- 
taining the latter being at this stage withdrawn from the ice-bath 
and allowed to remain for about an hour at the ordinary tempera- 
ture. The solution is then poured on ice, and the product collected 
and washed with water, The dinitroacetyl derivative crystallises 
from dilute alcohol in ochreous scales, or on slow deposition in 
ochreous prisms, dissolving in aqueous alkaJi with an orange colour. 
The melting point is 142—143°; 


0*1015 gave 14*8 c.c. Ng (moist) at 20*5° and 752*8 mm. N= 16*47. 

CgHgOgNg Tequlres K= 16*47 per cent. 

If the solution is kept too long at atmospheric temperature the 
whole product may be lost; on the other hand, by nitrating rapidly 
at a lower temperature with excess of fuming nitric acid a mono- 
nitro-compound has been obtained. In order to prepare the latter 
the acetyl derivative is as before suspended in glacial acetic add, 
cooled in ice, and undiluted fuming acid added drop by drop with 
constant stirring until crystals begin to separate. After about 
fifteen minutes the solution is withdrawn from the ice-bath and 
poured on ice, when the mononitroacetyl derivative separatee a5 
a crystalline deposit. After being collected, washed, and crystal- 
lised from alcohol it consists of ochreous, nodular crystals, nieltiJi§ 
at 161—162°: 



gUlNONE-AMMONIpM DERIVATIVES. TART IV. 2077 

0*1301 gave 15 c.c. Ng (moist) at 19*5^ and 764*8 mm. N = 13*3Q. 

C^|^loP 4^2 re(^uires K- 13*33 per cent. 

The inpno?iitrfl-compQund on further nitration gives the dinitro- 
derivative (m. p- 142 143®) described above, Both the mono- and 
tli-iiitro-derivativps are readily hydrolysed by heating with sul- 
phuric: apid diluted with a little water until a drop withdrawn frorn 
the solution ce^es to show turbidity on dilution with water. The 
free base is precipitated by diluting the sulphuric acid solution 
^ith water and neutralising with ammonia or sodium hydroxide. 
The mononitro-compound prepared in this way is 2~nitro-A-met}\yl- 
(imino phenol; it crystallises from alcohol in dark reddish-brown 
scales, melting at 113—114°, and dissolving in dilute alkali with a 
crimson colour: 

0*1003 gave 0*1832 COg and 0*0450 H^O. 0^49*86; H=4*99. 

0-0906 „ 13*1 c.c. 1^2 (™o^st) at 17*5° and 755*2 mm. N-16*63. 

requires 0 = 49*97; H = 4*79j N = 16*67 per cent. 

The dinitro-compound obtained from its acetyl derivative by 
hydrolysis with sulphuric acid as above is 2:Q-dimtroA-methyl^ 
amwophenol (methylisopicramic acid). It crystallises from alcohol 
ill dark, slender, purple needles or scales according to the rate of 
deposition; the melting point is 153—154° and the substance is 
very similar to fdopicramic acid in its general properties, dissolving 
ill aqueous ammonia with a purple colour and in dilute sodium 
liydroxidc with a crimson colour: 

0*1202 gave 21*2 c.c. N 2 (moist) at 19° and 742*6 mm. N = 19*79. 

C 7 H 7 O 5 N 3 requires N= 19*72 per cent. 

The constitution of these compounds is determined by the follow- 
ing considerations : The dinitro-compound on being heated for a 
short time with benzyl chloride in presence of water gives benzyl- 
methylMopicramic acid (m. p. 111—112°; this vol., p. 1484). As 
the mononitro-compound gives the dinitro-derivative on further 
nitration, the nitro-group in the former is in position 2 (or 6 ). The 
formulse are accordingly : 

OH OH OH OH 

NOj/\nO, 

V \/ \/ ' \/ 

NAC'CH, NAc-CHj NH-CH^ NH-CH^ 

X p. 161-162“. M, p. 142-143“. M p. 113—114“. M, p. 1.53-154“. 

la view of the circumstance that the hydroxyl in methylwo- 
picramic acid is most thoroughly “ protected” by nitro-groups, this 
compound was used for further alkylation as being the more likely 
to yield quinono-ammonium derivatives. The substance was dis- 

^‘DL. CV. b X 



2078 meLdola iki) hoLlely: 

solved in excess of efchyl sulphate at 100 °, kept 'at this tein. 
perature for about an hour. The excess of ethyl sulphate was then 
decomposed by aqueous alkali in the u^al way, arid the ciystallin^ 
deposit thus obtained was removed by filtration. The compouad 
is extremely soluble in alcohol, and separates from a concentrated 
solution in flat, amber-coloured needles, melting at 67 — 68 °; iti^ 
slightly basic in character, dissolving in hydrochloric acid to a 
colourless solution, and separating in the original crystalline fom 
on neutralising the solution with alkali. Analysis indicated that 
two ethyl groups had entered the molecule of methyl wopicramic 
acid ; 

0‘1004 gave 0*1794 CO 2 and 0'0526 H 2 O. C— 48*73; H=5*82. 

0*1042 „ 13*9 c,c. Ng (moist) at 17° and 769 mm. N = 15-66. 

C 11 HJ 5 O 5 N 3 requires 0-49*04; H=5*61; N = 16*62 per cent. 

The alkaline nitrate from which the above compound had heea 
separated deposited in the course of some days another crop of 
crystals consisting of deep dull red needles having no melting point 
up to 300°, but blackening at about 250°. This compound is 
strongly basic, and more soluble in water than the substance 
described above; it separates but slowly from a conoentarated solu- 
tion in hydrochloric acid on the addition of alkali, and can be 
crystallised from boiling water, from which it is slowly deposited 
on cooling in orange prisms having a violet reflexion when in the 
mother liquor. The substance is but very sparingly soluble in 
alcohol, and this property, combined with its high melting point 
and strongly basic character, has led to the conclusion that it is the 
time quinone-ammonium compound. This conclusion is borne out 
by the analytical results, although the latter are complicated by 
the tendency of the compound to retain water of crystallisation : 

0*1528 (originally deposited crystals dried at 100°) gave 20*65 c,c. 

Ng (moist) at 19*5° and 762*7 mm. N = 15*56. 

CjiHjjOjNg requires N = 15*62 per cent. 

A specimen was prepared for combustion by dissolving in hydro- 
chloric acid, neutralising with ammonia, and allowing to crystallise. 
The washed crystals, allowed to dry in a desiccator at the ordinal*}' 
temperature, became opaque on drying at 100 °, and lost water: 

0*4278 lost 0*0264 HoO-G l?. 

0*1324 (hydrate) gave 17*2 c.c. Ng (moist) at 24° and 765*1 mm. 

N = 14*67. 

CiiHjjOgNgjEgO requires H20-6*27; N = 14*63 per cent. 

The combustions indicated that the specimen analysed may have 
retained a little more than the one molecule of water (C= 45*02; 
H=^5*7; instead of C=45*97; H=5*97 per cent.), but the general 
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results leave no doubt that the substance is the hydrated quinono- 
ammonium derivative. In this case, therefore, the etliylation of 
uiethyh^opicramic acid resulted in the formation of the isomer ides : 




NO. 


[NO, 

V 

N(C2H,).CH3 

(b) 


0 

no/\no, 

\/ 

N(C,H,),-CH3 

(II.) 


(I) 2 : 6-Dinitro4-methyIethylphenetidine. 

(II) ■ ^^^^^^^^"^^thyldiethylammonium-l-benzoquiiioiie. 

Confirmation of this conclusion was obtained by d e-alky latiinr the 

compounds by the sulphuric acid method previously described. ^ The 
substance of low melting point (m. p. 67—68°) dissolves at once 
in concentrated sulphuric acid diluted with about one-fourth its 
volume of watdr, the solution then containing the sulphate of the 
base; this salt is dissociable by water, so that a drop of the solution 
diluted with water on a watch-glass gives an immediate yellow 
turbidity. On heating the acid solution for one or two minutes 
to its boiling point and allowing to cool, it no longer gives a 
turbidity on dilution with water, and the addition of alkali to the 
dilute solution causes the development of a purple colour, showing 
that de-alkylation has taken place. The compound of high melting 
point, on the other hand, remains unchanged under this treatment; 
it simply dissolves in the acid, and the solution, after being heated 
as above, on dilution and neutralisation with alkali, givee the 
ariginal quinone-ammonium derivative. 

The product obtained from the phenetidine derivative by 
le-alkylation showed, as had been anticipated, that the Methyl 
^roup had been removed, and that methylethylisopicramic acid had 
aeen formed. A general method for the synthesis of heterogeneous 
iialkyl derivatives of substituted p-aminophenol is thus suggested : 


O.c 


OH 

OH 

no/\no, 


No/\nOj 

no/\no, 

\/ 


\/ 

\/ 

N.a.6 


N.a.6 

N{CH,)-C,H5 

(h) 


(11.) 

(III.) M. p. 104^105". 


^ttkyUthylmopcramic A cid = 2 : Minitro - 4 - meihyUthyUmino- 
Mnol (III above), prepared as described, can be obtained from the 
dd solution by neutralising with ammonia, the ammonium salt 
eparating on cooling in characteristic bronzy scales. The free 
ompound, liberated from the ammonium salt by dissolving the 
itter in hot water and neutralising with hydrochloric acid, has all 


6 T 2 
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the properties of the dialkylwopicramic add derivatives. It is both 
add and basic, and forms an ammonium salt, which is but spar 
ingly soluble in cold water, and dissolves in hot water with a purple 
colour! It dissolves freely in boiling alcohol, and crystallises from 
this solvent on cooling in dark brown scales with a bronzy lustra 
and melting at 104 — 105°: 

0-1017 gave 0-1668 CO 2 and 0-0439 EgO. C-44-73; H = 4-80. 

0 1088 „ 17*35 c.c. Ng (moist) at 26’5° and 758-8 mm. 
N-17-61. 

CyHijOjNg requires C=44'78; H = 4-59; N = 17-43 per cent. 

It may be added that attempts to arrest the ethylation of methyl- 
li'opicramic acid at the intermediate stage so as to obtain the above 
methylethyl derivative directly were unsuccessful, as two ethyl 
groups are introduced by ethyl sulphate under all conditions of 
alkylation. IJiraethyluopicramic acid (T., 1912, 101 , 924) can also 
ho ethylated by the above process. The product is, no doubt, the 
phenolic ether (m. p. about 95°), but the yield is small, and jw 
quiiione- ammonium compound was obtained in tbis case. 

Ethylation of Benzyli^oficramic Acid. 

In preparing benzyletbybi.^opicramic acid by the ethylation of 
benzybls-opicramic acid a non-phenolic by-product was obtained, 
which was provisionally regarded as the phenolic ether (this vol., 
p. 1485). A further supply of this compound has been prepared, 
and its properties studied more fully than was possible with the 
small quantity of material formerly at our disposal. The result of 
this later work is to confirm the conclusion that the substance is 
the plienetidiiie derivative, and nob the quinoner-ammonium com- 
}}ound. 

The material required was prepared by dissolving benzyliw- 
picramic acid in excess of ethyl sulphate at 100 °, and keeping the 
solution at this temperature for about an hour. The product was 
tlien mixed with water, and the excess of ethyl sulphate removed 
by treatment with sodium hydroxide solution in the usual way, 
The crystalline deposit, after being collected and washed with water, 
was obtained by crystallisation from alcohol in lustrous, amber- 
coloured scales, melting at 129 — 130°: 

0-1210 gave 0-2608 COg and 0-0590 HgO. C = 58-77; H=5'42. 

0-2033 „ 21-6 c.c. Ng (moist) at 15’5° and 751-4 mm- 
N = 12-28. 

CJ 7 H 10 O 5 N 3 requires C = 59-09; H-5*54; N = 12-17 per cent. 

The compound is feebly basic, dissolving with difficulty in hot 
concentrated hydrochloric acid, and forming a solution vhich 
immediately becomes turbid on dilution with water owing to the 
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aissociation of the salt and the liberation of the free compound, 
which slowly separates in characteristic ochreous scales. The con- 
stitution of the compound is proved by it© de-ethylation by sul- 
phuric acid, with the formation of beazylethylwopicramic acid (this 
vohj P' 1485^, melting at 96 9/®, and the formula is accordingly: 


V 

2 : 6-DiDitro-4-beTizyIethyl.p.[ihpnetitlinc. 


The product of the extreme reduction of the above compound 
by tin and hydrochloric acid in the usual way was found, as in the 
case of all these phenolic ethers, to yield only resinous products 
when submitted to the di azo-re action. The alkaline filtrate from 
which the original substance had been separated was concentrated 
by evaporation with the object of isolating any (^uinon e-ammonium 
compound that might be formed. Nothing was deposited, however, 
on long keeping, and this derivative, if present, appears to be more 
soluble in water than its lower homologues. Such a compound, 
even if obtained, would be the benzyldiethyl derivative, and there- 
fore of no- special interest from the point of view of the present 
investigation. 

A question of general interest in connexion with the phenolic 
itliers of the above type has been tested in the present case, hut, 
;o far, with negative results. A compound of the type (I) below 
contains a tervalenfc nitrogen atom, and might therefore be con- 
vertible into a compound containing an asymmetric quinquevalent 
nitrogen atom of the type (II). Some of the phenetidine derivative 
was therefore dissolved in excess of methyl sulphate and heated to 


O.c 

O.C 

q 

0 

/^N02 

NO/^NO, 

No/^NO, 

j ^ or 

no/\no, 

\/ 

\/ 

\/ 

\/ 

N.a.6 

X*N.a.6.d 

N.a.i.c 

N.ff.J.c 

(b) 

(It) 

(III.) 



100° for an hour. After removal of the excess of methyl sulphate 
by alkaline treatment the substance was recovered unchanged, 
showing that no methylation had taken place. A similar result had 
been formerly obtained with dinitrodimethyl-p-anisidine (T., 1912, 
101, 912), and it would appear that a free hydroxyl group in the 
para-position with the consequent possibility of assuming the 
qninonoid'^ configuration (III) or (IV), is a condition essential 
to the formation of quinone-ammonium compounds. It is, of course, 
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possible that the nitro-groups may have some influence in checkino 
the conversion of the tervalent into quinquevalent nitrogen in thea^ 
phenolic ethers, and the experiments may be worth repeating 
unsubstituted dialkyl-p-aminophenolic ethers if these compoundj 
can be obtained with dissimilar radicles attached to the nitrogen 
atom. A compound of the required type, in which a, 6, c, and rf 
are all represented by methyl, namely, CH 3 * 0 *CgH 4 «N(CH 3 ) 3 *X 
said to have been prepared by Griess (5cr., 1880, 13 , 649), tut 
there seems to be special difficulties connected with the formation 
of such compounds with dissimilar radicles in the “para " series 


M ethylation of Benzyli&oyicramic Acid. 

A quinone-ammonium derivative obtained as a by-product 
during the methylation of benzyh’sopicramic acid was described in 
our last paper (this vol., p. 1484). The substance is readily pre- 
pared in quantity by methylating benzyh’sopicramic acid witk 
excess of methyl sulphate in the presence of alkali in the usual 
way. A further study of its properties has confirmed the conclu. 
sion that it is a true quinone-ammonium compound; it has no 
definite melting point, but chars and decomposes at from 225® to 
250°, according to the size of the crystals and the rate of heating. 
The compound is not decomposed by the sulphuric acid treatment 
if the solution is not too strongly heated, but if the acid is raised 
to near its boiling point the solution suddenly becomes turbid, and 
decomposition takes place with the formation of dimethylwopicramic 
acid (m. p. 182—183°; T., 1912, 101 , 924): 

P. OH 

V \/ 

N(CH3)2-CyH, N(CH3)2 

The constitution of the compound is established by this result, 
and, at the same time, the weakness of the attachment to the 
nitrogen atom of benzyl as compared with the true alkyls is strik- 
iugly revealed. The ready detachment of benzyl has been referred 
to before (this yol., p. 1481), and in the case of the present com- 
pound waa again observed in the course of experiments on its 
products of reduction. A specimen was reduced by tin and hydro- 
chloric acid in the usual way, and the acid solution, after removal 
of the tin ^ as sulphide, concentrated by evaporation in order to 
obtain a diazotisable diamine. During the course of the evapora- 
tion a distinct odour of benzyl chloride was perceived, and resinous 
products were formed, from which nothing definite could be 
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obtained. A similar result was observed on attempting to reduce 
fractionally with suflBcient stannous chloride to reduce one of the 
uifcro-groups, but the partial reduction of the compound requires 
further study, as derivatives of considerable interest might be 
obtainable by this method if it should prove experimentally realis- 


able. 

The main product of methylation of benzyKsopicramic acid is the 
quinone-ammonium compound referred to above. There is simul- 
taneously formed a small quantity of a less basic phenolic ether 
easily separable from its isomeride by the ready solubility of the 
latter in dilute hydrochloric acid. This compound, unlike the 
quinone-ammonium derivative, is readily soluble in alcohol, and 
crystallises in amber-coloured scales, melting at 75 — 7 6“^: 

0 0936 gave 10'9 c.c. N 2 (moist) at 20*5® and 766*6 mm, N = 13*41. 
C 15 H 15 O 5 N 3 requires N = 13*25 per cent. 

This ether is also de-alkylated by the sulphuric acid treatment, 
losing both methyl and benzyl, with the formation of raethylwo- 
picramic acid : 



\/ 

N(CH,)-C,H, 


NO, 


OH 

\/ 

NH-CH, 


Methylation of Dibenzylisopicramic Acid. 

The distinctly basic character of the dimethylquinone-ammonium 
compound described in the preceding section suggested the possi- 
bility of directly methylating the mixture of mono- and di-benzyl 
derivatives of «sopicramic acid obtained by the method of benzyl a- 
tion previously described (this vol., p. 1482). The tedious pre- 
liminary separation of the benzylated products would, it was anti- 
cipated, be rendered unnecessary by the conversion of the mono- 
benzyl derivative into the basic quinone-ammonium derivative, 
which is readily soluble in dilute hydrochloric acid, and could by 
this means be separated from lees basic compounds. The isomeric 
phenolic ether, which in this case is formed only in very small 
quantity, was also expected to be more soluble than the correspond- 
ing dibenzyl-anisidine derivative, and therefore to be separable 
from the latter by crystallisation. These anticipations have been 
realised experimentally. 

A mixture of mono- and di-ben zyHsopicraraic acid was methylated 
hy methyl sulphate and sodium hydroxide as before, and the pro- 
duct, after being collected and washed, extracted by warm dilute 
hydrochloric acid, The acid extract on neutralisation with ammonia 
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gave pure 2 : 6'^initro4-dimefchylben2ylammoniumf-l-benzoquinoj,g 
(found, N = 13*32. calc., 13*25 per cent.), so that the dibenzyi 
zsopicramic acid by this treatment apparently gives no quinon^. 
ammonium compound.* The less basic residue left after the acid 
extraction after two or three crystallisations from alcohol -waj 
obtained in dense, brown tablete, melting at 97 — ^99° : 


0*1056 gave0*2471 COg and 0*0448 HgO. C=63*81; H=4*7l. 

0*1584 „ 15*2 c.c. Ng (moist) at 22° and 768*9 mm. N^ll o 
CaiHigOfiNg requires 0=64*09; H=4*87; N= 10*69 per cent. 

The properties of the compound leave no doubt that it ia tie 
phenolic ether, 2 : %-dinitroA^ibenzylaminoanmle (2 : Q-dinitT 0 ()i. 
h€nz7jl-p-anisidine). By the sulphuric acid treatment it parts with 
methyl and benzyl under all conditions, and gives monobenzyh'so- 
picramic acid (m. p. 155 — 156°) : 

O-CHg OH 

NOy\NOj NOj/NfrO, 

\/ \/ 

N(0,H7)2 NH-CjH, 

An attempt to replace the nitro-groups by reduction and the 
di azo-reaction resulted in the formation of the usual tarry products. 
The consideration of the form in which benzyl is detached from 
these compounds by the action of hot sulphuric acid is a point of 
some interest, which it is hoped may be made the subject of further 
investigation. 


Ethylation of Benzylmethyl\<e>o'picramic Acid, 


The evidence on which was based the conclusion that the com* 
pound obtained by the ethylation of beu 2 ylmethyU*«opicraraic acid 
is a phenetidine derivative and not a quinone-ammonium com 
pound was given in our last paper (this vol., p. 1486). A further 
study of the substance in the light of later experience has confirmed 
this conclusion, and by the sulphuric acid treatment pure benzyl- 
methylisopicramic acid has been obtained ; 


O'CgH, OH 

NO^I^NO, NO/’^NO^ 

\/ \/ 

N{CH3)-C,H, N(CH,)-C,Hj 

The complete reduction of the compound led to the formation 


It may possibly be more soluble in water than the benayldimeth)’! coinpouiid 
and therefore contained in the oiiginal alkaline motlier liquor, but this has not yet 
been further fx.amined. 
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of the oxidisable base obtained from all these phenolic ethers, under 
similar conditions. 

In view of the results obtained in the foregoing series of experi- 
ments a special search was made for the isomeric q ni none- anui ion- 
ium derivative by concentrating the alkaline filtrate from which 
the original phenolic ether had been removed by filtration. The 
solution deposited nothing on keeping for some days, but on being 
made strongly alkaline by sodium hydroxide an orange substance 
separated on stirring, and this, after being collected and washed 
\vas found to poss^^ all the properties of a quinone-ammonium' 
compound, being distinctly basic in character. It was purified by 
solution in hydrochloric acid and precipitation by sodium hydr- 
axide, and was obtained as an orange, microcrystalline powder, 
having, when dry, a decomposing point of about 191 193°: 

0 0610 gave 6*75 c.c. N 2 (moist) at 28® and 760-1 mm. l<r = 12-48. 

CigHj^OaKg requires N = 12-68 per cent. 

The compound is accordingly the required 'l'.^~d\nitroA-hmiyh 
methylethylammoniumA-henzoqmnone. Like all these quinone- 
amraomum compounds the substance is practically insoluble in 
alcohol, but is soluble in hot water. It appears from the cases so 
far studied that the solubility of these compounds in water increases 
with the weight of the radicles attached to the nitrogen atom. The 
main product of the ethylation is, however, in this case the phene- 
tidiiie derivative, and we have had hut a very small quantity of 
the quinone-ammonium compound at our disposal The researcli 
ivill be continued with the object of increasing the yield if possible, 
50 as to obtain sufficient material for an attempt to resolve tlm 
compound into optical isomeridee. 

City and Guilds of London Institi-te ; 

FiNsnuaY Technical Collf.rk. 


, --Synthetical Experiments in the Group of the 
imQuinoUne Alkaloids, Fart IV. The, SyyahesiH 
of ^-Gnoscopine. 

By Edward Hope and Robert Robinson. 

experiments instituted some three years ago 
albl discovering practical methods for the synthesis of 

aioids of the hydrastine and narcotine type, the authors observed 
01 romecomne (I) and cotarnine (II) condense together with 
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extraordinary facility in alcoholic solution, yielding in almost quaj, 
titative amount a base, anhydrocotarninenitromeconine (III). This 
new base was believed to be nitrognoscopine (nitro-f-narcotbe^ 
produced according to the scheme * : 


OH 
OMe CH 

0 

i 

NO CH \/\/ ^ 

JNU2 LUg 


OMe CO 

/\/\ 


>NMe 


(I.) 


(II.) 


OMe CO 

Meo/V^ 

\/\/ 

NO, CH 

* I 

OMe CH 

CH„ 

(HI,) 


Aa it had been found poeeibl© to obtain numerous condensation 
products of hydrastine and cotamine with substances containing a 
nifcro-group, the elimination of this group became a matter of im- 
portance, and in Part I of this series (T., 1911, 99, 1153) we have 
described a method by means of which anhydrocotaminenitro- 
phthalide may be converted into anhydrocotarninephthalide (dedi- 
methoxygnoecopine) (IV) : 

OMe CH CH CO 


\/\/^ ^ \_/ 


CHj 

(IV.) 

In the experimental portion of the present communication it is 
shown that the nitro-group in anhydrocotarninenitromeconine may 
be similarly eliminated, by successive conversion into 'NH., 
•NH*NH 2 , *H, or alternatively into ‘NH 2 , *1, ‘H. The product is 
an optically inactive base, C 22 H 23 O 7 N, melting at 180*^, isomeric, 
but not identical with gnoscopine. The reactions of the new com- 
pound are precisely similar to those of narcotine and gnoscopine; 
thus it behaves as a lactone, can be converted into nornarceine and 
narceine (this being the most convenient synthesis of the latter 
alkaloid), and on oxidation yields cotarnine and opianic acid. 

The arguments, then, which are used to establish the constitution 
of narco tine can equally be applied to the deduction of the same 
formula for the new base, and it is clear that this new compound 
is a stereoisomeride of narcotine and gnoscopine. It is proposed 


* The mechanism of this and similar condensations has been described ip aprevioas 
communication {T., 1911, 99, 2117). 
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to call the substance melting at 180° ^-gnoscopine^ reserving tlie 
naw® o-gnoBCOpine for the compound previously known eis gnosco- 
piae or r-narcotine, which melts at 229°. A partial conversion (see 
p. 2101) of )8-gnoscopine into a-gnoecopine occurs when the base is 
heated for a long period in aqueous alcoholic solution at 100°, 
Stereoisomerism is observed not only in the case of a- and jS-gnos- 
copines, but also in the case of their iodo-derivatives^ iodo-o-gnos- 
copine, and iodo-/3-gnoscopine, which yield a- and jS-gnoacopines 
respectively on reduction with aluminium amalgam in alcoholic 
solution- 

The following table illustrates the relations of the various 
gnoecopine derivatives: 

Cotarnine 
condensed with 



Of the three methods of obtaining a-gnoscopine indicated in this 
table, that through iodo-a-gnoscopine is by far the most convenient, 
whilst ^-gnoecopine and narceine are best obtained through hydr- 
azino-j3-gnoscopine. ’ 

The interesting question regarding the nature of the stereo- 
isomerism of a- and jS-gnoscopine has engaged our attention, but wo 
are at present unable to go beyond speculation and suggestion. 
The stereoisomerism persists, as seen above, through a series of 
flerivatives, and survives the opening of the lactone ring. The two 
dissimilar asymmetric carbon atoms which a- and j8-gnosc opines 
contain would obviously account for the existence of two inactive 
forms of gnoscapiue (as in the case of aj8-dibromo-j8-phenylprop ionic 
acid), and would further require the existence of four optically 
active modifications. o-Gnoscopine has already been resolved into 
its optically active components, d- and f-narcotine, by Perkin and 
Robinson (T., 1911, 99 , 775), but our efforts to resolve Aguoscopine 


♦ Perkin and Rotiiisoii, T,, 1911, 99, 775, 
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or one of its substitution products have so far failed. In som^ 
preliminary attempts to resolve P-gnoscopine, using c?-bronio. 
campborsulphonic acid, it was not found possible to obtain a crystal, 
line salt. Later, experiments were made with a view to obtain 
complex salts like morphine ^gnoscopine sulphate and morphine 
jB-gnoscopine sulphosalicylate. The fractional crystallisation 
these salts did not, however, give any satisfactory result. A more 
prolong^ investigation of these salts than is considered necesBan’ 
for the present communication will evidently be required before 
/3-gnoacopine can be resolved with their aid. 

Experiments have been made also to obtain evidence of the 
asymmetry of the jB-gnoscopine molecule by fractionally crystallig. 
ing (a) the condensation product of amino-^-gnoscopine with 
</-hydroxyinethylenecamphor (compare Pope and Read, T., 1909, 95, 
171; 1913, 103, 444), and (b) the condensation product of hydr- 
azinO'iB-gnoscopine with ?-menthone. In the case of the first of 
these, the condensation product is obtained in almost quantitative 
amount, and on careful fractional crystallisation a definite sub 
stance having [ot]jj -f-150® and melting at 137 — 138® is obtained in 
an amount closely approaching 50 per cent, of the crude product. 
Tliis is probably one of the expected isomerideS, but it must he 
pointed out that it has proved impossible, working with the quan- 
tity recorded (p. 2094), to isolate in reasonable amount, the expected 
isoineridc. A final decision regarding the exact nature of the 
substance melting at 137 — 138° has not been arrived at because 
of the impossibility of obtaining the free amine from it. In the 
case of the menthone condensation product (p. 2097), which is 
obtainable in about 70 per cent, yield, repeated crystallisation 
produces a gradual change in the rotatory power, but it is evident 
that the separation of the isomerides (if the change of rotation 
may be interpreted in this way) is not sufficiently sharp to render 
the method a practicable one for the preparation of an optically 
active jS-gnoecopine. 

Although the ordinary stereochemical explanation of the isomer- 
ism of a- and iS-gnoscopines is probably the correct one, it may be 
pointed out that there are at any rate two other ways of accounting 
for isomeric gnoscopines. In the first place, in view of the recent 
work of Cain, Coulthard, and Micklethwait (T., 1912, 101, 2298), 
it is possible to aseume the absence of free rotation of the bond 
joining the meconine nucleus to the hydrocotar nine residue. In 
that case a- and jB-gnosc opine might be represented by V and VI 
respectively : 
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OMe 

/NoMe 

\|/\co 

CH— 0 
OMedlH 
/\/\NMe 

OH, 

(V.) 


OMe 

co/\|/ 

6— CH 
OMe CH 


CH,<I 


NMe 


0\/\/CH, 
CH, 
(VI.) 


Some justification for this view may be derived, from the inter- 
esting fact that nitroH-gnoscopine possesses iut-ense visible colour. 
Both nitromeconine and a- and jS-g noscop ines are colourless, so that 
the yellow colour of nitro-^-gnosc opine must be ascribed to the 
mutual influence of the nitro- and -NMe-groups. The attraction 
between these groups may not find expression in a complete bond 
as ill the quinonoid formula (VII), but it probably involves a 
proximity of the negative nitro- and the positive 'NMe-groups in 
the molecule: 

CO OMe 

^OMe 


C 

OMe CH NO., 


<^H,< 


\/\/CH2 

Cllg 

(VII.) 

Ill the second place, if it be assumed that the valencies of the 
nitrogen atom are not all in one plane, then, obviously, the methyl 
gioup attached to the nitrogen atom may be in the cts- or travs- 
position with respect to the me co nine complex. If either the first 
or the second of these possible causes operates in addition to the 
ordinary stereochemical cause, there should be eight active iso- 
merides and four inactive isomerides, whilst if both so operate 
there should be sixteen active and eight inactive isomerides. 

Experimental. 

C,H— -NMe 0— CO 

Nitromeconine (5 grams) is dissolved in boiling alcohol (150 c.c.; 
And cotarnine (5 grams) added, either in the solid condition or in 
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alcoholic solution. The solution becomes orange-brown, and 
bright yellow, granular precipitate soon separates. The reaction ^ 
complete after boiling for ten minutes. After cooling, the prod^^ 
is collected, washed with alcohol, and dried. When obtained h 
this way, the nitro-jS-gnoscopine was in an almost pure condition 
the yield being about 90 per cent, of that theoretically poasiyj 
Nitro-jS-gnoscopine is very sparingly soluble in ethyl and metiyi 
alcohols, and in most other organic solvents, but can be convenl- 
ently crystallised from trichloroethylene, from which it separates it 
canary-yellow prisms, melting at 191°: 

01819 gave 0-3821 COg and 0*0760 HgO. C=67*3; H=4 -t. 

^ 22 ^ 22 ^ 6^2 requires C = 57'6; H=4*8 per cent. 

The substance is a true base, and forms salts with acide. b 
dissolves in glacial acetic acid in the cold, and when the solution is 
diluted, no precipitate is obtained. On adding picric acid to the 
solution in acetic acid an orange-yellow precipitate is obtained 
which may be crystallised from methyl ethyl ketone, in whict it 
is very sparingly soluble. This substance melts and decomposes 
at 153°, and is evidently the jncrate of nitro-j3-gnoscopine. If 
however, the jolution in glacial acetic acid or in dilute acetic acid 
is boiled, decomposition to nitromeconine and cotarnine occurs, 
Thus a solution of the base (2 grams) in acetic acid (10 c.c.) was 
boiled for two minutes, and, whilst hot, diluted with an equal 
volume of water. The needles which separated on cooling were 
readily identified by their melting point (160°) as nitromeconine- 
the melting point of a mixture with pure nitromeconine being also 
160°. On adding picric acid to the filtrate from the nitromeconine, 
cotarnine pi crate was produced, and this when crystallised from 
water melted at 139° (Salway, T., 1910, 97 , 1209). 

Hydrochloride . — The bright yellow base dissolves in concen- 
trated hydrochloric acid to a pale yellow solution, which on dilution 
with water furnishes after some time a crystalline precipitate con- 
sisting of pale yellow prisms, soluble in much water. On treating 
with ammonia, nitro-j8-gnoscopiuo is regenerated: 

0-1200 gave 0-0373 AgCl. Cl-7-6. 

C 22 H 2209 N 2 ,HC 1 requires Cl = 7'l per cent. 

This substance melts and decomposes at 142 — 143° to a red 
liquid, and on boiling with water yields nitromeconine and cotar- 
ninium chloride. 

Aurichloride . — This derivative is obtained by the addition of 
gold chloride to a solution of nitro-j8-gnoscopine in excess of dilute 
hydrochloric acid. It is an amorphous, yellowish-brown precipitate, 
becoming crystalline on keeping. It begins to darken and decom- 
pose at 160°, violent decomposition occurring at 170°; 
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0^1297 gave 0-0316 Au. Au = 24’4. 

C22H2209N2»SAuCl4 requires Au = 24'8 per cent. 

Xbc flatinichlonde is similarly obtained in yellow needles. 

Nitro-i8-gnoscopine dissolves in boiling methyl 
odid® ^ substance crystallises from the solution in 

rismatic needles. Great difficulty was experienced in recrystal- 
jsing this compound. It has a pale yellow colour, and melts and 
iecomposes at 204 — 206°. It is very sparingly soluble in water 
jf alcohol : 

0-1214 gave 0*0485 Agl. 1=21*4. 

G 22 H 220 flN 2 ,CH 3 l requires 1 = 21*0 per cent. 

NitroJiarceine, 

Nitro-jS-gnoscopine methiodide was warmed with water, and 
\xcess of freshly precipitated silver chloride on the water-bath, and 
the resulting solution filtered and cooled. On the addition of dilute 
potassium hydroxide solution an orange precipitate of an ammon- 
ium hydroxide was formed, and this was collected, washed with 
water, and boiled with excess of water. The orange substance first 
became yellow, and then passed into solution. On concentrating, 
tiitronarceine separated ip orange-coloured, leaf-shaped micro- 
crystals, melting at 160 — 170°, and decomposing at a higher tem- 
perature : 

0*1162 * gave 5*7 c.c. N 2 at 19° and 765 mm, N = 5*8. 

CgjHggOjoNg requires N = 5-7 per cent, 

yitromreeine ie rather sparingly soluble in hot water, but dis- 
solves in solutions of either acids or alkalis. Its potassium salt 
crystallises in pale yellow prisms when a hot concentrated solution 
of the base in potassium hydroxide is cooled. Unlike narceine, the 
substance in the solid state gives no coloration with iodine. 


A mino-^-gnoscopiiie. 


C,HA-CH— CH-C,H(OMe),-NH, 
CjH, — NMe 0— CO 


111 the preparation of this substance, nitro-jS-gnoscopine (10 
grams) is dissolved in 50 c.c. of glacial acetic acid. A few pieces of 
granulated tin are added, and then a solution of 25 grams of 
hydrated stannous chloride in 30 c.c. of concentrated hydrochloric 
acid, the temperature being carefully kept below 15°. After the 
solution has remained for six hours, during which time the yellow 
colour disappears, water is added in sufficient quantity to redissolve 
the precipitate of the stannichloride at first produced. Then excess 
of concentrated sodium hydroxide solution is added, and the result- 


• Dried at 100'*. 
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ing alkaline solution extracted with chloroform. As much of 
chloroform solution as possible is run off from the mixture, and tie 
remaining partial emulsion shaken with more chloroform, 
combined extracts are dried with potassium carbonate, and th^ 
chloroform distilled. When almost all the solvent is removed and 
the substance begins to crystallise, methyl alcohol is added and {h 
distillation continued until very little chloroform remains. On 
allowing the liquid to cool, the product crystallises out almost 
completely. After coHecting and washing with alcohol, it is in ^ 
practically pure coiulition, the yield being about 75 per cent, of 
that theoretically possible. The amine crystallises well from ethvi 
acetate in colourless, glistening prisms, melting at 205^. It also 
crystallises readily from a mixture of chloroform and benzene : 

0’i490 gave 0'33G9 COg and 0*0727 H 2 O. C=61*6; H = 5‘4, 
C 22 H 240 yN 2 requires 0=61*6; H = 6’6 per cent, 

Ainuio-^-gnoscopine is readily soluble in chloroform or pyridine 
sparingly so in benzene, alcohol, or ethyl acetate, and very spar- 
ingly soluble in ether or light petroleum. Its salts with acids are 
all readily soluble in water. The solution of amino-jS-gnoscopine 
in glacial or dilute acetic acid or dilute hydrochloric acid is not 
changed on boiling. On the addition of platinic chloride, gold 
chloride, or mercuric chloride to the solution of the hydrochloride, 
precipitates were obtained which were apparently amorphous. The 
amine is easily diazotised in dilute hydrochloric acid solution, but 
the diazo-solution quickly becomes orange, and finally reddish 
brown. This decomposition was not noticed in the case of diazo- 
solutions prepared in concentrated hydrochloric acid solution. The 
diazo-compound yielded with alkaline j3-naphthol an azo-compoimd 
of intense crimson colour, which dissolved in concentrated sulphuric 
acid to a deep blue solution. On dissolving the amine in excess of 
methyl iodide and boiling the solution for a short time, crystallisa- 
tion of a methiodide occurs at a certain stage, on allowing some of 
the methyl iodide to escape. The substance so obtained is crystal 
line, but of indistinct form. It contains only one iodine atom 
(Found, 1 = 19 0; C23H270^N2l requires 1 = 22*2 per cent.). The 
compound appears to contain the amino-group, since it yields a 
diazonium salt on treatment with dilute hydrochloric acid aid 
sodium nitrite. This combines with ^-naphthol, giving a scarlet 
azo-dye. 

Acetylamino-^-gnoscopine. — This derivative is readily obtained 
by the addition of acetic anhydride to a solution of the base in 
acetic acid. After allowing to remain for an hour at the ordinary 
temperature, water is added to the mixture, and the acetyl com- 
pound precipitated with ammonia. It is readily soluble in hot 
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alcohol, and separates, on cooling, in highly characteristic bunches 
of needles melting at 198°. If the crystallisation is allowed to 
occur slowly, the crystals separate as prisms. This derivative 
dissolves readily in dilute hydrochloric acid, and the solution is 
unchanged on the addition of sodium nitrite : 

0 1 204 gave 0*2697 CO 2 and 0-0597 HgO. C=61-4; E = 5-5. 

requires 0^61*3; H'=5-5 per cent. 

rhenylcarhamido-^-gnoscopine, C22H2207N'NH*C0-NHPh. 

In (he preparation of this derivative, phenylcarbimide (2 grains) 
is warmed for ten minutes with amino-j3-gnoscopine (1 gram) and 
sufficient benzene to cause solution of the amine. After concen- 
trating and cooling the solution, colourless, prismatic needles sepa- 
rate, and these, after recry sta Hi satiou from alcohol (in which they 
are sparingly soluble), melt at 208°, decomposing to a dark red 
liquid : 

01231 gave 0-2863 CO 2 and 0 0607 HgO. C-63-4; H = 5-5. 

requires C--63-6j H-5-3 per cent. 

This substance dissolves in very dilute hydrochloric acid, but its 
solution in the more concentrated acid, although readily formed, 
soon deposits crystals of a sparingly soluble hydrochloride. 


Succmimino-^-gm)scopine, 1 “2 

^C0*CH2 

Molecular proportions cf ami no-;3-griosco pine and succinic anhy- 
dride are boiled together for about four hours in chloroform solu- 
tion. The product is isolated by evaporating the chloroform and 
adding methyl alcohol as soon as signs of crystallisation appear. 
The product can be conveniently recrystallised from a mixture of 
chloroform and methyl alcohol. The crystals are faintly yellow, 
and melt at 248 — 250°. This substance is practically insoluble in 
benzene, light petroleum, or ether, and sparingly soluble in ethyl 
acetate, methyl alcohol, or ethyl alcohol. It is insoluble in aqueous 
alkaline hydroxides even on boiling, but the ring (either phthalide 
or succinimide ring, or both) is broken by alcoholic potassium 
hydroxide. It is readily soluble in dilute hydrochloric acid, and 
can be precipitated by careful addition of dilute potassium hydr- 
oxide, but the addition of excess apparently ruptures the ring, for 
:he precipitate redissolves : 

01370 gave 0*3097 CO 2 and 0’0648 H.O. C = 61-6; H = 5-2. 

^26^26^9^2 i'efiRires 0 = 61 * 2 ; 11 = 5*1 per cent. 


6 u 


''OL. CV. 
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^-Gam'phoryUdemmeihylamino-^-gno6coy%ney 

CsH„<g” 


As already statred in the introduction (p,2088), thie compound 
was prepared in the hope that it would afford evidence of tie 
asymmetry of the j3-gnoscopine molecule. It is readily obtaiaod iy 
mixing a solution of amino-jB-gnoscopine (4*28 grams) in 60 pe'j 
cent, acetic acid (14 c.c.) with (f-hydroxymethylenecamphor* {pg 
grams) in alcohol (4 c.c.). The reaction is complete after heating 
for half an hour on a steam-bath. On pouring the mixture into 
water and adding dilute potassium hydroxide solution a canary, 
yellow precipitate of the condensation product ie formed. Ti^ 
yield of crude dry substance is 5’4 grams, that is, about 90 pei 
cent, of that theoretically possible. On crystallising the crude 
material from methyl alcohol and subsequently evaporating tie 
mother liquors several fractions were obtained, the rotatory powers 
and melting points of which were observed. These results are sum. 
marised in the following table. In the determination of the optical 
activity about OT gram of substance was dissolved in 10 c.c. of 
chloroform : 

The crude material (total weight 5-4 grams) gave [a]j, 4-145-T° 

Fraction (I) from methyl alcohol (3-0 grams), m. p. 134-136°, had [a]o+15F 
(II) „ „ (0-54 gram), m. p. 130-134 , „ [a]i,-l-l’4' 

(III) ' „ (0*2 gram), m. p. 177-181°, „ [o]o [^220' 

” (IV) ,, I, {0*05 gram), m. p. 173-178°, „ [a]c-f205' 

Recrystallisation of fraction I did nob alter its rotatory power 
to any appreciable extent. The recrystallised product had 
[a]j 5 -1-150°, and melted at 137—138°. Recrystallisation of this 
specimen gave a product with [aj^ -f- 149° and melting point 
137 — 138°. Recrystallieation of fraction II showed it to be com- 
posite. When dissolved in boiling methyl alcohol and the solution 
allowed to cool, about 0'35 gram of crystals separated. These had 
[ajp +155°, and melted at 137—139°, the substance evidently being 
identical with that constituting fraction I. The mother liquors 
from this recrystallisation yielded a small quantity of crystals melt- 
ing at 165 — 172°. These are without doubt identical with the 
substance of high rotatory power constituting fractions III and IV. 

The result of the examination of the above product is to show 
that a definite substance (m, p. 137 — -138°, [ajj^ +150°) is produced 
in the reaction, in a yield representing about 50 per cent, of that 
theoretically possible. It is probable that this is either rf-caiU' 
pliorylidenemethyl-c?-(or Qamiiio-)3-gno3copine, but unfortunately no 

* This had [oh + 192°. 
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has yet been found of obtaining the free ajuino-eompoiind 
from it* 

On analysis, the substance melting at 137—138° gave results too 
jo’w in carbon when copper oxide was used in the combustion tube. 
When lead chromate was substituted the following result was 

obtained : 

0*1375 gave 0*3120 CO 2 and 0*0770 HgO. C=66*7; H=6*7. 

CgsHsgOgNg requires C=67*l; H=6*4 per cent. 

The suggestion that the above substance is eZ-camphorylideiie- 
inethyl-^(t>r7)amino-i3-gnoscopine is somewhat difficult to reconcile 
^'ith the facts that the specific rotatory power of the crude product 
is only + 146°, and that the only other substance isolated from the 
solution (and that only in small amount) had a specific rotation of 


+ 206°. 

^^Camfhorylidenemetkylammo'^-gnosco'pine dissolves in warm 
coacentrated hydrochloric acid, and, on cooling the solution, yellow 
crystals separate in tufts. These are apparently the hydrochloride, 
and when dried on porous porcelain melt at 164 — 168°. The original 
ciibstance is regenerated on adding excess of alkali. Prolonged 
boiling with hydrochloric acid results in a deep red solution, from 
which nothing is precipitated by alkali. 

The condensation product is very readily soluble in chloroform, 
ethyl acetate, or benzene, even in the cold. It is quite easily soluble 
in ethyl and methyl alcohols at their boiling points, and crystallises 
put on cooling. It is only sparingly soluble in ether, and practically 
Insoluble in light petroleum. When treated with bromine in alco- 
holic solution (Pope and Read, T., 1913, 103 , 444) much more 
bromine was absorbed than was theoretically necessary to give the 
hydrobromide of the amino-compound and bromoaldehydocamphor, 
CBr*CHO 

CgHj 4 <^T . No definite product could be isolated from the 


:eaction, and doubtless complex bromine substitution products were 
’ormed. 


lhjdrazino-^~ghoscofine 


<^,H„0,'CH CH-C,H{OMe),-NH-NH, 

’CjH— NMe 0— CO 


In this preparation, ami no-jS-gnosco pine (6 grams) is dissolved in 
Joncentrated hydrochloric acid (50 c.c.). Solution occurs only on 
prolonged stirring, because of the formation of a viscid mass of 
hydrochloride on the surface of the amino-compound. When the 
nain bulk has dissolved, the solution is cooled to 0°, and a solution 
sodium nitrite carefully added until a portion of the diluted 
’eaction mixture gives a colour with starch-potassium iodide paper, 
fo the diazonium solution thus prepared, a solution of 20 grams of 

6 u 2 



‘2096 HOPE AND ROBINSON ; SYNTHETICAL EXPERIilENTS LV 

hydrated stanuous chloride in 40 c.c. of hydrochloric acid is 
all aJb once. After the reaction has proceeded for an hour, 200 cc 
of water are added, and then, with careful cooling, a solution oi 
120 grams of potassium hydroxide in 120 c.c. of water. Tie 
brownish-yellow precipitate thus formed was found to contain verj^ 
little inorganic matter, and was collected, washed thoroughly 
water, and dried over sulphuric acid. Three such experiments gave 
a total yield of Id'S grams, or 82 per cent of the theoretical 
amount. The crude substance was in reality almost pure, and 
melted at 197 — 200®. Hytkazino-^-gnoscopine may be crystallised 
from alcohol or ethyl acetate, but best from a mixture of chloroform 
and methyl alcohol, when it separates in colourless prisms, melting 
and decomposing to a red liquid at 202—204®. All its salts are 
readily soluble in water: 

0-1446 gave 0-3171 COg and 0-0765 HgO. C = 59*8; H = 5 ’ 8 . 

C 2 .,H 2507 N 3 requires C=59*6; H = 5'6 per cent. 

Be7izylidenehydrazi7io-^-gnoscopin&, 

When hydiazino-j 8 -gno€ copine (2 grams) is boiled for five niiimtes 
with benzaldehyde (2 grams) and alcohol (10 c,c.), crystals separate 
even in the hot liquid, and precipitate almost quantitatively on 
cooling. The product may be recrystallised from alcohol, in which 
it is very sparingly soluble. The almost colourless prisms thus 
obtained melt at 216 — 218® to a red liquid. 

isoPropylidenehydrazifio-^-gnoscopine, C 22 H 2207 N‘NH*N!CMe 2 . 

Hydrazino-;3-gnoscopiiie dissolves readily in hot acetone, but after 
boiling for a few minutes, crystals of the above Compound begin to 
separate, and this separation is soon quantitative. The product 
crystallises well from a mixture of chloroform and methyl alcohol, 
and melts at 188 — 190° : 

0-1542 gave 0-3510 COg and 0'0837 HgO. C=62'l ; H-6-0. 

C 25 H 29 O 7 N 3 requires C — 62-1 ; H = 6‘0 per cent. 

VMen thylideiiehydrazino-^-gno&cofiney C 22 H 2207 N*NH’N!CjoHjj. 

Hydrazino-j 8 gnoscopiue and ^-menthone when mixed alone orb 
chloroform solution do not appear to combine, but they do k 
readily in dilute acetic acid solution. In an actual experiment 
8-8 grams of the hydrazine, 3*3 grams of /-menthone, 15 c.c. 
acetic acid, and 15 c.c. of water were mixed and heated on a steam 
bath. The hydrazone separated immediately, and in this way ; 
66 per cent, yield of the almost pure compound was obtained. 1 
was collected, and washed with water and methyl alcohol. Th 
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melting point of the product before recrystallisation was 220 221° 

It is readily soluble in chloroform, but crystallises from a mixture 
of chloroform and methyl alcohol, the melting point of the recrvstal- 
lised material being still 220 — 221° ; 

0 1382 gaveO'3373 COj and 0'0884 HjO. 0=667; H = 71. 

C^H„0,Ns requires C=66'3 ;''h = 7'0 per cent. 

A solution of 1-26 pams in 20 c.c. of chloroform gave 
[o]o -517°. The following table shows the effect of recrystallisa- 
lion on the substance ; 


Taken. 

Obtained. 

M. p. 


7*6 grams 


220—221° 


4-0 „ 

3*2 „ 

220—221° 

-43*r 

3*0 


220—221° 

-42-5* 

1*3 

0-7 „ 

220—221° 

-384° 


It would appear from the values of [«]„ that the hydrasone can 
be resolved into two constituents by continued crystallisation, but 
10 isolate pure specimens of these, much larger quantities of mate- 
rial than those in our possession would be necessary. The fact that 
the melting point remains unchanged in the recrystallisation is 
probably due to its being a decomposition point rather than a true 
melting point. 

The hydrazone is unchanged by hot aqueous solutions of sodium 
arbonate and sodium hydroxide, and is also recovered unchano-ed 
trora alcoholic potassium hydroxide solution. It dissolves in cold 
lilute liydrochloric acid and in warm dilute acetic acid, beinv 
reprecipitated by ammonia. ’ 


lodo-^-gnosco'pine 

NMe 0— CO 

III preparing this substance, amino-j8-gnoscopine (3 grams) is dis- 
Jolved in concentrated hydrochloric acid (30 c.c.), and the solution 
diazotised in the usual way. Tlio solution of the diazonium salt 
^ then poured into water (100 c.c.), and the diluted solution mixed 
d once with a solution of 20 grams of potassium .iodide in 150 c.c. 

water. About ten minutes are allowed for the formation of the 
lodo-compound, and then sulphur dioxide is passed into the mixture 
:o remove iodine. The crystalline precipitate (which is pale yellow 
« en the operation is successful) is collected and recrystallised from 
3 CO 10 , when it separates in colourless prisms melting at 185°: 
h 1247 gave 0’2250 CO^ and 0'0486 H.,0. C = 49-2’ H = 4'3 
^■^20 „ 0-0484 Agl. 1=23-4. 

C«H.,jOjNI requires C:-. 49 0; H:=47; 1 = 23-6 per cent. 
lod„-^.gHo,eopme dissolves readily in dilute adds, ami is stable 
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towards boiling glacial acetic acid. If dissolved in concentrated 
nitric acid, iodine separates in the free state after some time. If 
solution in methyl ethyl ketone is treated with picric acid dissolved 
in the same solvent, the picrate of the base crystallises in bright 
yellow pyramids, melting at 189—190® Attempts to prepare an 
iodonarceine were unsuccessful. 


. aH, 03 -CH— CH-aHs(OMe )3 

NMe l-bi 

This stereo isomeride of gnoscopine has been obtained by U*o 
processes. 


I. Oxidffiloii of Hydraziiio-^-gno&co'pine, 

As the outcome of many trials, the following method was ulti- 
mately adopted. The crude hydrazino-jS-gnoscopine was employed, 
since considerable loss accrued in its recrystallisation. The beet 
results were, moreover, obtained by working with small quantities. 
The hydrazine (2 '5 grams) is dissolved in a mixture of 8 c.c. of 
acetic acid and 50 c.c. of water, and then treated in the cold witli 
60 c.c. of a saturated solution of copper acetate. Evolution of 
nitrogen soon begins, and the reaction is allowed to proceed until 
no more is evolved. Cuprous oxide is precipitated, and settles out 
on the sides of the vessel. The liquid from two such experiments is 
then poured Into a large separating funnel containing about 2 litres 
of ether ; excess of ammonia is added, and the whole shaken vigor- 
ously for some time. The ethereal solution is dried and the ether 
distilled, the residue being crystallised from methyl alcohol In 
this way 2 ’7 5 grams of the base (m. p. 175 — 177®) were obtained. 
This is a 60 per cent, yield calculated on the assumption that the 
starting material was the pure hydrazine. Actually, therefore, the 
yield must be greater. A second crystallisation from methyl alcohol 
raised the melting point to 179 — 180®, and after three more crystal- 
lisations from methyl alcohol, ethyl acetate, and ethyl alcohol, the 
melting point was raised to 180®, after which further crystallisation 
did not have any effect. 

In an experiment using 2‘7 grams of the pure recrystallised 
hydrazine a total of 1‘8 grams of pure j8-gnoscopine were obtained, 
that is, 72 per cent, of the theoretical amount. 

The crystals are colourless, rectangular prisms, like miniature 
planks, and the characteristic pointed ends of crystals of a-gnosco- 
pine are absent. The melting point (180®) of a specimen of 
copine was depressed to the neighbourhood of 170® when mixed with 
a-gnoscopine : 
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0-1347 gave 0*3138 CO 2 and 0 0656 mO. C=63*5; H = 5 * 4 . 

C 22 H 23 O 7 N requires C=63-9j H=5*5 per cent. 

II. E eduction of lodo-^-gnoscopne. 

lodo-jS-gnoscopine (1'5 grams) is dissolved in boiling methyl 
alcobol (75 c.c.) and the solution heated on the steam-bath for 
half aluminium amalgam obtained by steeping 5 grams 

of thin aluminium foil in 2 per cent, mercuric chloride solution. 
The hot liquid is filtered from the aluminium hydroxide, but as 
this operation cannot be performed quickly enough to avoid crystal- 
[isatioii of a portion of the product, the residue is again boiled with 
fresh methyl alcohol and again filtered. The combined extracts are 
concentrated, and the crystals which separate on cooling collected. 
The yield of the product is practically that demanded by theory. 
After two or three crystallisations, as in the preparation described 
above, the product melts at 180°. It melts also at the same tem- 
perature when mixed with a specimen of ^-gnoscopine obtained 
from hydrazino-j8-gnoscopine. 

jS'Gnoscopine forms a sparingly soluble hydrochloride^ which 
crystallises in small, colourless, glistening prisms. This is moder- 
ately soluble in concentrated hydrochloric acid, and is therefore 
obtained in only small yield by dissolving jS-gnoscopine in the latter. 
It is best prepared by passing gaseous hydrogen chloride into a 
solution of /8-gnoscopme in glacial acetic acid. When prepared by 
either of these methods the substance melts at 86 — 88°, but after 
remainiug overnight in an exhausted desiccator over sulphuric acid 
it melts at 224 — 226°, solvent of crystallisation apparently having 
been abstracted. a-Gnoecopine has also been observed to form a 
hydrochloride under similar conditions, but this salt is more soluble, 
both in concentrated hydrochloric acid and in acetic acid. The 
hydrochloride of a-gnoscopine melts at 238 — 241°. 

j3-Gaoscopin© differs, however, from a-gnoscopine in forming a 
sparingly soluble nitrate. This salt quickly crystallises in micro- 
scopic prisms from the solution of the base in dilute nitric acid. 
The double salts of /8-gnoscopine hydrochloride with gold, platinic, 
and mercuric chlorides resemble in most respects the corresponding 
narcotine and a-gnoscopine derivatives. 

The picrate of /3-gnoscopine is readily formed by the addition of 
an aqueous solution of picric acid to an aqueous solution of 
jSgiioscopine hydrochloride. It separates as a bright yellow solid, 
sparingly soluble in water, and it may be crystallised from ethyl 
or methyl alcohol, from which it separates in short, stout prisms, 
melting at 199 — 201°, and decomposing with effervescence at that 
temperature. The picrate melts under boiling water, and is very 
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readily soluble in acetone or methyl ethyl ketone. The freshly 
cry ataJ Used substance always seems to contain some solvent <[f 

crystallisation. 

i8-Gnoscopine is insoluble in aqueous potassium hydroxide, but qq 
being warmed with an alcoholic solution of the latter, is dissolve(j 
and is not reprecipitated by the addition of water. After tlie 
addition of hydrochloric acid, the base is then precipitable t? 
ammonia, the lactone ring evidently having been regenerated. 

jS-Gnoscopine combines readily with methyl sulphate, forming j 
colourless, viscid mass. This was converted into narceine by tte 
following process. The methosulphate was dissolved in hot water 
and enough potassium hydroxide added to render the solution 
alkaline. After boiling for ten minutes the solution was acidified 
with acetic acid. On cooling, woolly needles of narceine separate 
These, after recrystallisation from water, melted at 178°, and tlie 
melting point was not depressed when the substance was mixed 
with a purided specimen of narceine extracted from opium. Tip 
above method of obtaining narceine may be conveniently applied 
as a test-tube reaction for narco tine and a- and j3-gnosco pines. 

Oxidation of $-Gnoscojnne to Cotarmne and Opianic Acid. 

This oxidation was etfected by means of dilute nitric acid, but it 
was found that j8-gnoscopine was more resistant to oxidation than 
either narcotine or a-gnoscopine. /S-Gnoecopine (2 grams) was dis- 
solved in dilute nitric acid (prepared by mixing 10 c.c. of water 
with 4 c.c. of ordinary concentrated nitric acid), and the solution, 
which soon deposited crystals of the nitrate, was warmed on tte 
steam-bath until a specimen no longer gave a "precipitate with 
ammonia. The formation of teropiainmon which is always observed 
in the oxidation of narcotine was not observed here. The orange 
solution was treated with excess of potassium hydroxide, and the 
precipitated cot amine collected and identified by conversion into 
the benzoyl derivative, melting at 122°. 

The filtrate from the cotarnine was acidified with hydrochloric 
acid, saturated with ammonium sulphate, and repeatedly extracted 
with ether. The ethereal solution, after being washed, dried, and 
evaporated, gave a small quantity of crystalline material, which 
was identified as opianic acid by means of the characteristic red 
colour obtained on treatment with xylene and sulphuric acid. The 
substance also gave an odour of veratraldebyde on heating. Insuffi 
cient material was obtained for recrystallisation, and it is probable 
that much of the opianic acid was further oxidised to hemipinic 
acid under the above conditions. 
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Conversion of ^-Gnoscopine into a-Gncscopine. 

jS-Gnoscopin© was unchanged by boiling with dilute hydrochloric 
acid for two hours, but a partial change to a-gnoscopine took place 
under the following conditions. J3-Gnoscopine (2 grams) was mixed 
>yith ethyl alcohol (40 c.c.) and water (10 c.c.), and the mixture 
heated at 100° in sealed tubes for two weeks. The tubes were 
heated during the working day only, and each morning the major 

rtion of the alkaloid appeared to have crystallised in large prisms. 
(Complete solution took place at 100°.) A slight amount of decom- 
position occurred, as indicated by the pale orange tinge which the 
solution acquired. When the tubes were opened, the liquid was 
drained from the crystals {V2 grams), which were found to consist 
of unchanged jS-gnoscopine melting at 179°. On being diluted with 
water the mother liquors deposited a further crop of crystals, which 
proved to be almost pure o-gnoscopine melting at 230 — 232°. When 
mixed with a specimen of pure a-gnoscopine, the melting point 
was unchanged. 


Conversion of ^‘Gnoscopine into Nornarceine. 

When j8-gno8copine is heated with dilute acetic acid for three days 
105 — 110°, it is partly converted into nornarceine. The con- 
version was carried out according to the method described for a- 
guoscopine by Babe (Ber., 1907, 40, 3280), 5*3 grams of ^-gnosco- 
pine being heated for seventy hours with a mixture of 9 grams of 
acetic acid and 50 grams of water. The products were isolated as 
described by Babe {loc, cit.), the yield of nornarceine being about 
0 07 gram. This product showed the characteristic properties of 
iiornarceine. When crystallised from water it melted at 146°. It 
dissolved in alcohol, but quickly separated out again as an anhydrous 
modification, melting at 228°. The remainder of the product proved 
to be unchanged j3-g nose opine (m. p. 178 — 180°), no trace of a- 
gnoecopine being observed. Further, no raeconine was found, as is 
the case in the similar conversion of narcotine to nornarceine, 

The hydrohromide of nornarceine was prepared in order to 
compare it with the product of bromination of nornarceine (p. 2102). 
Tt readily separates when nornarceine is dissolved in dilute hydro- 
bromic acid, and consists of very small needles. When first prepared 
it melts below 100°, effervescing about 115°. On keeping overnight 
ill an exhausted desiccator over sulphuric acid, it melts at 
128 — 131°, some water of crystallisation evidently having been 
abstracted. When the substance is heated at 100 — 105° in order to 
drive off the water of crystallisation, it becomes viscid on the 
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surface, but after cooling can easily be powdered. The salt 
indefinitely between 143® and 152®. 

A specimen which had been allowed to dry in the air, and n 
at 100 — 105®, was analysed : 

0-1185 gave 0*0410 AgBr. Br:=14'7. 

C 22 H 3508 N,HBr,H 5;0 requires Bri=15'l per cent. 
Co2H2508N,HBr,2H20 „ Br=14-6 „ „ 


melts 



COgH OMe 


In considering methods for the transformation of jB- into a-gnosc^ 
pine it was thought possible that if iV-bromonornarceine could be 
prepared, elimination of hydrogen bromide from this might give tbe 
desired result. Experiments were therefore instituted with the view 
of preparing this compound, but it was soon discovered that sodhra 
hypobromite reacts with nornarceine in acid solution to give a 
hydrobromide of bromonornarceine, the bromine being attached to 
carbon. In alkaline solution the amount of interaction is insigni- 
ficant, only very small quantities of a halogen-containing compound 
being produced. 

In the preparation of bromonornarceine, the following method 
was used. Nornarceine (6*8 grams) was dissolved in iV-hydrochloric 
acid (150 c.c.) and 29 c.c. of a solution of sodium hypobromite 
(prepared by adding 2 '4 grams of bromine to a solution of TS grams 
of sodium hydroxide in 29 c.c. of water) were gradually run in. On 
keeping overnight, crystals were deposited from the acid liquid, the 
total yield of dry substance being 6*8 grams. The crystals, wliicb 
were observed under the microscope to consist of large prisms, 
melted and decomposed at 124—126®. On recrystallisation from 
water, the melting point is ultimately raised to 132—134®. On 
heating for two or three hours at 110® this substance apparently 
partly loses hydrogen bromide, and an attempt to crystallise the 
heated substance from water reveals a new, much more sparingly 
soluble compound, which is bromonornarceine. The free base is 
most easily prepared by treating the aqueous solution of the hydro- 
bromide with sodium carbonate solution, BTomonornarctim is 
readily purified by recrystallisation from water. It melts at 
198 20T)®, effervescing violently. Under the microscope it appears 
aa very minute prisms. It is insoluble in sodium carbonate solu- 
tion, but readily soluble in dilute sodium hydroxide, being reprecipi- 
tated by carbon dioxide : 

0‘1400 gave 0*0493 AgBr. Br=14‘9. 

^ 22 ^ 2 ANBr requires Br=15'6 per cent. 
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The substAiico dissolves readily in dilute hydrobrornic acid, and 
hydrobromide separates in prisms melting at 134—136®. When 
fliixed ^il'b original product of the bromination (m. p. 
^32—134®) the melting point was unaltered. The hydrochUridt is 
likevfiso produced by dissolving bromonornarceine in hydrochloric 
acid, but thie salt crystallise from water quite differently from the 
hydrobromide. The pure salt melts at 126 — 128®. 

On treating nornarceine with sodium hypobromite in alkaline 
solution a small quantity of crystals separated, but these were evi- 
dently impure, and contained only about 4 per cent, of bromine. 
On acidifying the solution, a further small quantity of a substance 
containing bromine was obtained, but the amount was so small 
that no further investigation was made, particularly in view of the 
subsequently discovered fact that jS-gnoscopine gives only a very 
small yield of nornarceine (p. 2101). 

As already mentioned in the introduction, efforts to resolve 
jJ-gjioscopine have so far proved unavailing. The (^-bromocamphor- 
sulphonate showed no tendency to crystallise. Attempts were made 
also to prepare double salts of jS gnoscopine and morphine with 
sulphuric and sulphosalicylic acids, but, although no resolution 
has yet been effected in tliese cases the investigation will be con- 
tinued as soon ae sufficientjS-gnoscopine has been accumulated. 


Nitro-u-methylmeconine, 


.CHMev 

NO,/ \q 

/ co/ ■ 

OMe OMe 


In the preparation of this compound, a-methylmeconine (4’.5 
grams), prepared by the action of magnesium methyl iodide on 
opianic acid (Simonis, Marben, and Mennod, Ber,^ 1905, 38, 3981), 
is treated with 25 c.c. of concentrated nitric acid in the cold for 
half an hour. The precipitate obtained on the addition of water 
is collected and crystallised from methyl alcohol. This compound 
consists of pale yellow leaflets melting at 110®, and is much more 
soluble in ethyl and methyl alcohols than is nitromeconine : 

0T333 gave 0'2567 CO. and 0 0543 H^O. C-52’5; H = 4-5. 

CiiHuOqN requires C=^52‘2; H-4‘3 per cent. 


A n hydro CO tarnin e nitro-a-methylmeeomnc, 
CgH^^Oj-CH— CMe-C,5H(0Me)2'K02 
CgH,— ilMe 0 CO 

In this preparation, iiitro-a-methylmeconine (6 grams) and cotar- 
nine (6 grams) were boiled together in 50 c.c, of methyl alcohol for 
twenty minutes. Crystallisation of the bright yellow condensation 
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product conuuenc^d whilo the solution was hot. After the solution 
had cooled, the crystals were collected. As they were obviously 
mixed with unchanged nitrocompound they were treated witt 
dilute hydrochloric acid, and the solution was filtered and treated 
with ammonia. The precipitate of the purified condensation product 
was crystallised from ethyl alcohol, from which it separated in 
yellow needles, melting and decomposing at 160*^: 

0'1075 gave 0'2327 CO 2 and 0*0506 Jl20. C = 59 Oj BC=5’2, 
C23H3409]Sr2 require® C=58*5; H = 5*l per cent. 

The substance is very similar in its reactions to nitro-^-gnoscopine, 
It is more soluble in organic solvents, but is still very sparingly 
soluble in methyl alcohol. The base forms salts resembling those of 
nitro-^-gnoscopine, and when its solution in acetic acid is boiled, 
decomposition to cotarnine and nitromethylmeconine occurs. When 
reduced in the manner described under the preparation of amino-g, 
gnoscopine, it yields a colourless, crystalline base, which is readily 
diazotisable. The diazonium salt couples with alkaline ^-naphthol, 
giving an intense crimson azo-compound. 

The authors desire to thank the Research Fund Committee of the 
Chemical Society for a grant * which has defrayed a part of tlic 
expense of this investigation. 

The University, The Universitv, 

Manchester. Syuney. 


QXCV. — The Isomerism of the Oximes. Part IV. 
The Constitution of the -Methyl Ethers of the 
Aldoximes and the Absorption Spectra of Oximes, 
their Sodium Salts ^ and Methyl Ethers. 

By Oscar Lisle Brady, 

Whilst the Hantzsch-Werner stereochemical hypothesis is generally 
accepted as providing the most satisfactory explanation of the 
isomerism of the oximes, the earlier theory of Beckmann still finds 
some supporters. Thus for the two benzaldoxim^ we have : 
CgH,-CH C^^Hs-CH CeH^-CHIN-OH 
HO-N N-OH \/ 

Hantzsch and Werner. Rpckmaiin, 

♦ I desire to thank the Research Fund Committee of the Chemical Society for a 
grant which enabled me to contribute a share towards the expense of a former 
investigation on the synthesis of narcotine (Perkin and Robinson, T., 191 h 99* 
-R. R. 
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The existence of two isomeric methyl ethers of, for example, 
nitrobenzaldoxime, both of which have the methyl group attached 
lo oxygcHj cannot be explained by Beckmann's formula but is 
readily accounted for by that of Hantzsch : 

KO,-C,H,-CH NO,-C,H,*CH 

MeO'N N-OWe • 

On the other hamd, a third methyl ether is known, in which the 
methyl group m attached directly to nitrogen. Here the stereo- 
chemical theory is at fault, and the 4>o-oxime structure of Beck- 
mann 

NMe 


has been generally assigned to this substance. 

Forster and Holmes (T., 1908, 93, 244), from a study of the 
properties of zVonitroso camphor methyl ether, arrived at the con- 
clusion that this substance should be represented by formula I 
rather than by the more usual structure (II) : 


c:NMe:o 

(I.) 


„ SMe 

C»H „<><0 

(II.) 


Angeli, Alessandri, and Aiazzi-Mancini {Aui R. Accad, Liiicei, 
1911, [v], 20 , i, 546) have extended this idea to the A- phenyl 
ethers of the oximes and they regard these compounds as contain- 
ing a quinquevalent nitrogen atom, thus: R‘CH!NPh!0. Their 
conclusions are based on the fact that the A-etheis are unstable 
towards permanganate, differing in this respect from the oxides 
R‘CH*CH'R; further, the action of magnesium phenyl bromide on 

v 

0 

J-phenylbenzaldoxime, giving jS-phenyl-^-diphenylmethylhydroxyl- 
amiae, CHPhg’NRh'OH, is analogous to the action of that com- 
pound on benzylidineaniline, giving diphenyl anilinomethane, 
CHPh 2 ’^HPh; in addition, Scheiber 1911, 44 , 761) has 

failed to obtain optically active modifications of A-alkylated ald- 
oximes such as are called for by the iso-oxime structure. It would 
appear that the formula containing quinquevalent nitrogen more 
easily explains the behaviour of these compounds, especially as they 
exhibit many unusual properties. The A-alkyl ethers of the 
aromatic aldoximes are hydrolysed with extraordinary ease; indeed, 
the A-methyl ether of ru-nitrobeuzaldoxime is at once hydrolysed 
by cold concentrated hydrochloric acid ; moreover, tliese compounds 
readily form additive products with sodium iodide (Goldschmidt 
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aud Kjellin, Ber.y 1891, 24, 2812), calcium chloride, phe^yj, 
carbimide, and hydrogen haloids. 

Before accepting the new structure, however, there are several 
facts to bo noted which do not seem to have been fully considere,! 
by previous investigators. 

A structure involving a quinquevalent nitrogen atom allows for 
the existence of two isomeric nitrogen ethers, namely : 



and 

R-GH 

o:n-ch 

CHa'NIO 

(in.) 


(IV.) 

does also the «>o-oxime structure : 


R-CH' 


R-CH 

>0 

and 

\>o 

Cfljj-JS 


JS-CHj 


although here the isomerism depends only on the relative position 
of the hydrogen atom and the methyl group. 

Luxmoore (T., 1896, 69, 183) deecxibes a second A-methyl ether 
of benzaldoxime, but Scheiber {Annolen, 1909, 356, 215) has 
shown that the second ether obtained by Luxmoore is probably a 
hydrated form of the first, the same reason being assigned for the 
discrepancy in the melting point, etc., of iV’-methylanisaldoxiirie as 
prepared by Goldschmidt (5er., 1890, 23, 2186) and by Beckmann 
and Netscher. The existence of these hydrates is in accordance with 
the behaviour of the similarly constituted trimethylamine oxide, 
which readily forms hydrates and appears to act fife NMe 3 ( 0 H),, 
forming a salt, NMegCbOH, with hydrochloric acid (Dunstan and 
Goulding, T., 1899, 75, 795). It is noteworthy that the A-methyl 
ether of benzaldoxime is soluble in water and can be extracted from 
its aqueous solutions only with difficulty. These compounds, how- 
ever, differ in many respects from the amine oxides; they do cot 
give alkaline solution, indeed, the A-ethers of the nitrobenzald- 
oximes are but very sparingly soluble in water ; they are not hygro- 
scopic, and do not form salts with the same ease; thus the A-methyl 
ether of p-nitrobenzaldoxime is soluble in 50 per cent, hydrochloric 
acid in the cold, but the solution soon deposits crystals of p-nitro- 
benzaldchyde owing to hydrolysis ; this offers a serious objection to 
the formula suggested by Angeli and his co-workers. 

The only other recorded cases of isomerism among compounds of 
this class are those of the A-benzyl ether of p-nitrobenzaldoximc 
(Behrend and Konig, Ber., 1890, 23, 2571) and the A-p-chloro 
benzyl ether of benzaldoxime (Neubauer, Annalen, 1897, 298, 187), 
both of which exist in two forma, the second being obtained from 
the first by the action of sodium ethoxide. These are apparently 
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, g^^reoisomerides, their existence being explained by a change 
^^the position of the double bond, thus: 


0 


II 

0 


There is lil>fcl^ direct evidence of the epacial structure of the 
V ethers but formula III seems at first sight to be the more 
table as these compounds are obtained more easily from the 
ff/rt-oximes? and Beckmann (Anmlen, 1909, 365, 208) has shown 
that V'lnethylbenzaldoxime on treatment with phosphorus penta- 
clilorido in ether yields iV-methylbenzamide, a reaction which may 
jje regarded as a case of the Beckmann change : 


C,H,-CH c,H,*c:o 

ch3-n:o cHj-nh 


On the other hand, since Beckmann has described the preparation 
of the ethyl ethers of such compounds as the hydroxybenzald- 
oximes from the hydroxybenzaldehydes and j8-methylhydroxylamine, 
it seems more reasonable, as the hydroxybenzald oximes are known 
only in the anii-form (compare Brady and Dunn, this vol., p. 824), 
to assign an anti- rather than a sy?^structure to these compounds. 
The mechanism of the formation of the iV -methyl ethers has received 
several interpretations; Goldschmidt (he. cti.) explains the forma- 
tion of the sodium iodide additive product as follows : 


OeH.-CH 

«ONa 


CeH.'CHI 

JJ(ONa)-CH3 ' 


this compound then loses sodium iodide to give the i\^-ether, 


0 

/\ 

C,H,-CH-N-Cn3 

Ijuxmoore (loc. cit.) assumes that the addition takes place at the 
nitrogen atom, which becomes quinquevalent : 


CfiHs-CH CgHs-CH CgH^-CH 

>0 -f NaO-CHg + CHjI j>0 |>0, 

NH CH,-N*Na CIL-N 

8 j 

I 


In this v/ay a i\^-methyl ether is obtained from the syw-sodium 
salt, in which the hydrogen atom and the methyl group are in the 
ffflii-position to one another, Luxmoore, however, has had to assume 
that the sodium salt of the syn^aldoxime has the Beckmann iso-oxime 
structure, and also that the two hydrogen atoms are in a 5yn-posi- 
tion to one another, in fact, he combines the stereochemical and 
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wo-oxime structures. This iuterpretation does aot seem 

R-CH-K-CH, 
and in addition a compound of the structure \/ 

not be likely to form additive compounds with sodium iodide 351 
calcium chloride so readily if it is supposed that in the formatio, 
of these comimuiide the nitrogen atom becomes quinquevalent, tl\iis. 
R'CH-NNal'CHs. 

\/ 

0 

There remains to be considered the pc^ibiiity that the i\' etU 
themselves contain quinquevalent nitrogen. 

If the addition of the elements of methyl iodide takes place at^ 
nitrogen atom, the structure of the producta will depend on ^ 
relative positions taken by the methyl group and the ?^dine 
if the latter is attached at the valency direction in tW same pij, 
as the double bonds, an anti- and a ^yrf-ether wiljbe obtaii 
according as to which isomeride is employed : 

R II R H 


C 

NaO‘N 


R H 


C 

N-ONa 


li 

NaO-N-CHj 

1 

I 


R H 

\/ 

CH,-N-ONa 

I 

I 



on the other hand, the methyl group take?P positidj 
there will be uo chance of fi!?i^i- 5 y 7 i-isomerisra in tiP^®<^wct: 

R H 


C 

NaO-NI 

i 

CH, 


R H 

\/ 

0 


^ / , 

On this supposition the fact that the sodium aalt'^® sy-a-m 

yields a much larger quantity of the iY-ether 4 that of il 
an^t-oxime can perhaps be explained by the iodine jpg up ajw 
tion near the aromatic nucleus in the case of t#^*derivai« 
whilst in the case of the an^i-compound, this posititf ^g <>ccupie 
the stable 0-meth.yl ether is formed A. tempting ^ution of i 
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jtion of methyl iodide on the sodium salts of the oximes is 
Horded if it be considered that the sodium salts of the oximes are 
spable of reacting in the forms: 

R*C*H 

i I •XT XT II 

O.NNa NaN:0 ’ 

Methyl iodide might act on this compound in two ways, addition 
iing place either at the carbon-nitrogen or at the oxygen-nitrogen 
luble bond. In the former case the reaction may be represented 

HIS ! 


NaN 

0 


R. /;h 

NaNoO ■ 
CH, 


3 

i dotted valency directions indicate that these are at right angles 
the plane of the paper. 

.f rotation tekes place through one right angle to bring the 
iujn and iodine atoms together, the compound becomes 
I 

Rx 

\(y 

OcN-CHg ’ 

Na 

icli loses sod$m iodide to give : 

R-CH 


N<UH . 

0 

-11 this way the ariti-ioun of the iV-mothyl ether is obtained from 
sodium salt of the sy'ivoxime’ conversely, the an^i-sodiura salt 
-lid yield the sy ri^N -methyl ether. 

•f the addition takes place at the oxygen-nitrogen double bond 
0-methyI ethers will be obtained : 

K.C-H K-C-H K-C-H 

NaN.'O NaWl'OMe N-OMe ■ 

f both these actions can take place on treating the sodium salt 
the «y»-oxime with methyl iodide, it is to be expected that the 
lition will take place in such a way as to yield the most stable 
duct, that is, the aw^«-iV-methyl ether, although a little of the 
stable 3yr^O-methyl ether will be obtained. On the other hand, 
sodium saJt of the o«^i-oxim© will give mainly the stable anii-0- 
'Ot. GV. {] X 
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methyl ether and very little of the synrN-methy\ ether. This is 
is found actually to be the case, with the exception that the 
obtained are identical, but this may be explained by the exties^ 
instability of the syn^thers, the additive compound formed by 
addition of the methyl group and iodine at the double bond betweeg 
carbon and nitrogen undergoing intramolecular change leading tq 
the formation of the an^»'il^*ether. 

It is possible that the silver salts of the oximes which, with metivi 
iodide, give O'Cthers unmixed with i\^-ether may have the norma] 
structure, although a constitution similar to that of the sodium sajfe 
still affords an explanation of their action. Here the addition takes 
place solely at the nitrogen-oxygen double bond to ensure the more 
easy elimination of silver iodide. 

If this explanation is to be accepted, however, it must be noted 
that the sodium iodide additive compound of iF-methylbenzaldoxiine 
has a different structure from that assigned to it in the earlier 
portion of this paper; it is, however, possible that the sodium iodide 
additive compound isolated in the preparation of the i\^*ether5, or bj 
evaporating a solution of the iV-ether with sodium iodide, is not the 
primary product of the action of methyl iodide on the sodium salt 
of the 5yn-oxime, but a secondary product formed from the ^-ether 
and the sodium iodide produced by the reaction. 

The view that the sodium salts of the oximes can exist in a tauto- 
meric form with the alkali metal attached directly to nitrogen in 
preference to oxygen is not without analogy, for tbere is little doubt 
that the alkali cyanates should be represented as tsocyanate, 
NaNlC’.O, rather than by the cyauate structure KaO'CiK. 

The formation of the iV^-methyl ethers of the aromatic aldoximes 
from the aldehyde and jS-ntethylhydroxylamino (Beckmann, he. cif.) 
can be explained if that compound is regarded as acting in its 
tautomeric form, NH2(CH3)'0, of which the amine oxides are 
derivatives ; 


R-C-H 

(] 


+ kh2(ch3):o 


R*C-H 

ch,’K;o‘ 


Similarly, the ready hydrolysis of the it^-ethers may be interpreted 
thus ; 


K'CH 

II + 
CHj'NlO 


HjO 




It was thought possible that a study of the absorption spectra of 
these compounds would throw some light on the question, and tbe 
author has accordingly photographed the absorption spectra of 
benzan^i- and benz^yu-aldoxime and the corresponding sodium salts, 
the 0-methyI ether of benzfi/i^ialdoxime and the JV-methyl ether of 
benzaldoxime, the two p-nitrobenzaldoximes and their sodium salts 
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fld O-mefchyl ethers, and the iV^-methyl ether of p-nitrobenzald- 
lime. The chief reason for choosing ^^-nitrobenzald oxime as a sub- 
bituted benzaldoxime was that the author had a small quantity 
f the 5y7t-0-methyl ether of this compound of undoubted purity 
compaxe Brady and Dunn, T., 1913, 103, 1625), whereas it is 
uestionahle whether most of the other syn-0*methyl ethers 
escribed in the literature are pure, owing to the difficulty of pre- 
paring these compounds in large quantities and freeing them from 

Fm. 1. 

}/A = 2000 2400 2800 3200 36QQ 4000 4400 


ho Dim. ^7l0 


10 mm. N/lOO 


10 nm, N/10,000 


urn etlwxide. 
itan elhoxide. 

10 ott-fi-isomeride. The syTi-O-methyl ether of benzaldoxime has 
ot been described, although the characteristic fruity odour observed 
n treating the sodium salt of benzsynaldoxime with methyl iodide 
probably due to the formation of this compound in addition to 
Jfi A -methyl ether (Goldschmidt and Kjellin, loc. cit.). 

After taking the photographs it was found that Hantzsch (Ber.y 
^10, 43, 1661) had already published the absorption spectra of 
le two p-nitrobenzaldoximes and their sodium salts in a paper 
tider the title of “ Homochromoisomerism.” He did not, however, 


10 mwi. N/IOOO 
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consider the ethers, and Mb conclusions were relative to his thet^ 
of homochromoisomerism and have no bearing on the question ij 
hand. 

The curves obtained by the present author independently 
practically identical with those of Hantzsch, although the 
salts show a rather deeper band. It was found necessary to Ub 
the sodium salts in a iV/ 10-solution of sodium ethoxide and to dilctj 
the solution with N j 10-sodium ethoxide, as, if pure alcohol was useij 
for dilution, the amount of the absorption was increased. 

Fio. 2. 


1 (\ = 2200 2600 3000 3400 3800 4200 



0■^f ethyl ether of \i-nitrobemAntialdozime in alcohol 

0- Methyl ether of ^-nitrobenzsyiialdoxime in alcohol. 

'ill -Methyl efMr tf [Miitrobe'ii'Zaldoxime in aleokol. 


at greater concentrations the absorption of the oximes is identical, 
with more dilute solutions there is quite a marked difference, tlie 
usual rule being followed that the anti is more absorptive than tlie 
5 y/i-isomeride, as is the case with the general absorption exhibited 
by maleic and fumaric acids. 

The sodium salts in dilute solution behave similarly, although m 
more concentrated solution a reversal takes place, and the 
syTj-isomeride is more absorptive than the anti. The curves for t-h< 
sodium salts show a very marked shift in the position of the bar 
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, red end of the spectrum, and, whilst the solutions of 
colourless, those of the sodium salts are bright yellow, 
^/curves obtained from the three methyl ethers are shown in 

Tho^ (jf the two O-methyl ethers are practically coincident with 
of the corresponding oximes ; on the other hand, the curve for 
^'^V-mcthyl ether shows a shift towards the red end of the spec* 
although not so great as in the case of the eodium salts. A 
'^ilar result is to be observed in the case of the 0-methyl ether 
y.methyl ether of benzaldoxime. Here, however, the effect is 

Fiq. 3, 



0-Methvl cthir of henzmiialdoximc iv, alcohol, 
XT- A/c/%/ ether of beiiz^nWaldoximc in alcohol. 


much more marked, and, whilst the 0-methyl ether exhibits only 
general absorption, the A-etber shows a deep band. The effect of 
conjugated double bonds in producing colour or increased absorption 
has long been known, and, whilst it is necessary to observe caution 
in interpreting spectroscopic results when applied to organic com- 
pounds, it seems reasonable to suppose that the spectroscopic 
evidence is in favour of the structure R*CH*N(CH 3).0 for the 
A'-methyl ethers of the aromatic aldoximes rather than against it 
(compare Crymble, Stewart, Wright, and G-lendinning, T., 1911, 99, 
451). 

The evidence is also in favour of a structure for the two oximes 
similar to that ^^Ihe 0-methyl ethers, that is, the structure assigned 
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to these compounds by Hantzsch ; moreover, the absorption 
of the oximes resemble those of cis-imns-isomerides. 

The cliaracter of the absorption spectra of the nitrobenzaldoxiiaes 
and their sodium salts raises the vexed question of the relation 
between constitution and colour. Baly, Tuck, and Marsden 
1910, 97, 571) have discarded the quinonoid structure proposed by 
Hantzsch for the sodium salts of the nitrophenols, etc., but 
theory still finds many supporters. Now both the syvr and anti, 
forma of p-nitrobenzaldoxime are practically colourless, whilst their 
sodium salts are bright yellow. If, as Hantzsch supposes, in the case 
of the nitrophenols the sodium salt exists in the aci-form, the 
sodium salt of ;^nit^obenzaldoxira6 can be written structurally only 
in the following ways: 


NOaNu 

NOgNa 

NOgi 

[[ 

/\ 

II 

/\ 

1. ii 

It ' 

/\ 

1 II 

ii 

y 

U 

■1 1! 
\/ 

c 

ii 

o:nh 

CH 

HO-N 

o:n 

(I.) 

(II.) 

(III.) 


Formula I is very improbable as it is impossible to obtain a 
disodiura salt such as this demands; moreover, the sodium salt of 
m-nitroacetophenoneoxime, NOg-CgH 4 -CMeiNOH, is also yellow, 
whilst the parent substance is, when pure, colourless. It is to be 
supposed that the change in this compound on salhformation would 
resemble that of the nitrobenzaldoximes, and here there is no 
opportunity for such a structure as I above. The same reason 
disposes of formula II. There remains formula III, to which there 
are also very serious objections : first, the formation of a coloured 
iV-methyl ether from the sodium salt of the sy^i-oxime, in which the 
methyl group is undoubtedly attached to the oximino-nitrogen atom, 
and secondly, if such a structure is assigned to both si/n- and ant'i- 
oxime sodium salts; 


n a. 

II 

/\ 

A 


II Ii 

Y 

v 

CH 

CH 

ir;o 

o:n 


there is free rotation of the nitrogen atom, and these two compounds 
would be identical. It would, therefore, be expected that, on 
acidifying a solution of the sodium salts of eithei^feime, either the 
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stable a«;»-oxime would be obtained or an equilibrium mixture of 
the syn- on^i-oximea. It is well known that on acidifying a 
solution of the sodium salt of p-nit^obenz^m^^aldoxime the anti- 
oxime is obtained in a pure state, and the author has found that 
on acidifyinf' a solution of the sodium salt of p-nitrobenzsyjiald- 
nxime practically pure 5y7i-oxime is recovered, even if the alkaline 
solution has remained for an hour. In addition, the preparation 
of the isomeric 0-methyI ethers of p-nitrobenzsy?i- and un^t-aldoxime 
from the silver salts obtained from the corresponding sodium salts 



■ in ahokol. 

Btnz^yaaldoxima in alcohol, 

Sodium, salt of ieujantia/doxiwic in sodiwn ethozide, 

— • — • — Sodium salt of henz<i'^xialdoxivic in sodium cthoxkk. 


shows that the isomerism persists even in the sodium salts. It is, 
therefore, evident that the sodium salts of the nitro-oximes do not 
exist m the uci-form. On the other hand, it is not possible to show 
that there is no change in structure on salt-formation, and it is 
quite possible that the sodium salts exist in the forma : 


NaN:0 


and 


1 1 

0:NNa* 


Hartley and Bobbie (T., 1900, 77, 509) have stated that the 
absorption spectera of the two benzaldoximes are identical, and, as 
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this was not in agreement with the results for the ;>-nitroli 
aldoximes, this work has been repeated. It has been fountj 
the a/ifi- is slightly more absorptive than the syn-isomeride 
benzaldoximes thus forming no exception to the general rule, ' * 

In a private communication to the author Dr. Dobbie states ttat 
this was observed by himself and the late Prof. Hartley^ IjqI; 
the difference did not amount to mor|^than a few units, it 'vaj 
not considered at the time of sufficient importance for special 
attention to be called to it. 

There is some difficulty in deciding whether a band exists in tlje 
absorption spectra of the benzaldoximes, as Drs. Dobbie and Fox 
(private communication) by taking a large number of thicknesses 
between 30 and 15 mm. of iV/ 10,000-solution have confirmed tie 
presence of a shallow but decided band in the position originally 
found by Hartley and Dobbie. The author, however, has taken 
several photographs of this substance without detecting this band 
The benzrtrarialdoxime used by the author was prepared in tke 
usual way, and after pressing on several porous plates to remove 
oily matter it was recrystallised from benzene and light petroleum* 
The sy?^axime was recrystallised from warm benzene, was without 
odour and melted sharply at 132°. The sodium salts of these com- 
pounds exhibit a decided shift towards the red end of the spectrum 
and show a shallow band. The oximes and their sodium salts show 
in this respect an analogy to the 0- and i\^-methyl ethers of benz- 
aldoxime. 

In conclusion, the author wishes to express his indebtedness to Dr 
Crymble for taking the photographs of the p-nitrobenzaldoximes and 
their ethers, and to Miss R. M. Johnson for assistance in taking the 
other photographs. 

Royal Collrok of Science, 

The Imperial College of Scienok and Technology, 

South Kensington. 

* The failure of the present author to obtain a band does not seem to be due to s 
defect in tbe instrument or to impurity in the oxime. The same solution as was 
used to photograph the absorption spectrum of the oxime was employed, with the 
addition of a few drops of sodium ethoxide solution, to photograph that ot the sodium 
salt ; in the latter case the band is plainly marked, whereas, if the increased absorp- 
tion was due to the spectroscope being at fault, or to an impurity being present, it 
would hardly be expected that light previously cut off by either of these causes 
would DOW be transmitted. 
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CXCVL^^-^ Velocities of Combination of Sodium 
Derivatives of Phenols with Olefine Oxides, 

By David Runciman Boyd and Ehnest Robert Marie. 

Observations on the of epichlorohydrin and of aryl ethere 

glycide on alkaline so^Rong of phenols (Lindeman, Ber., 1891, 
24, 2147; Boyd and Marie, T., 1910, 97, 1788) have shown that 
the olefine oxide group reacts readily with sodium phenoxides to 
produce phenolic ethers: 

CHR'OHg + CgHj-ONa = CH R(ON i)'CH3*0*C, H, ; 

\)/ 

and the reaction appeared to us to be one that might witli advan- 
tage be studied quantitatively with the object of ascertaining how 
the speed of combination varies with (i) the constitution of the 
phenol, and (ii) that of the olefine oxide. 

The olefine oxides which we have chosen for investigation are 
ethylene and propylene oxides. 

It was observed by Roithner (Monaish,, 1894, 15, 674) that the 
former combines with phenol when heated with it for some hours 
at 150°. The reaction, however, proceeds much more rapidly in 
the presence of an alkali, |ind can, we find, be conveniently carried 
out in alcoholic solution at temperatures between 50° and 100°, 

Method of Experiment. 

The following is a brief account of the method which we adopted 
for carrying out our experiments. Further details will be found in 
the experimental portion of the paper. 

A standard solution of each phenol in 98 per cent, ethyl alcohol 
was prepared, and a suitable quantity of this was mixed with 
sodium ethoxide solution and ethyl alcohol in the proportions 
necessary to produce a liquid normal as regards the amount of 
phenol and twentieth normal as regards the sodium present. The 
ethylene or propylene oxide was weighed in a sealed bulb, the 
amount taken varying in most cases between 0‘1 and 0*5 gram. 
The bulb was placed in a glass tube along with an equivalent 
quantity of the alkaline phenol solution, and the tube was then 
sealed at the blowpipe, care being taken to prevent the introduc- 
tion of any carbon dioxide during the process. In the majority of 
the experiments the reaction tube was of such a length that the 
space unoccupied by the reaction liquid was about one and a-half 
times or twice the volume of the liquid; but it was found that 
3u increase of the air apace up to at least three times the volume 
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of the liquid present had no important influence on the speed of 
the reaction. After the bulb containing the olefine oxide tad 
been broken, the reaction tube was placed in a thermostat at TQqs 
and heated for one hour or longer. It was then quickly cooled 
and opened, and the contents were transferred to a separating 
funnel. Ether was added (or in some c^s light petroleum), and 
the ethereal solution was shaken repemply with a dilute solution 
of potassium hydroxide, until the alkaune washings were found 
to be free from phenol. The series of alkaline liquors was tten 
shaJcen two or three times with fresh quantities of ether. Tlit 
combined ethereal solutions were dried over potassium carbonate, 
and the ether distilled off from a tared flask. The resultant glycol 
aryl ether was dried for some hours in a vacuum desiccator over 
sulphuric acid, and then weighed. 

Preliminary experiments in which the olefine oxides were heated 
with 20-sodium ethoxlde solution in the absence of any phenol, 
and the process otherwise carried out as above indicated, resulted 
in no weighable quantity of product being obtained on evapora- 
tion of the ether. 

Theory of the Reaction, 

Ethylene oxide, as already stated, can combine with phenola in 
the absence of alkali, but at 70-4° the temperature employed in 
our experiments, the speed of combinatito in the case of the less 
acidic phenols is small in comparison with the speed with whicli 
the oxide unites with the sodium phenoxide. This is shown by \h 
following figures obtained in the case of 2 >^resol : 

Percentage of ethyleno 
oxide converted into 
glycol ju-tolyl ether in 


Reaction solution. 2 hours at 

(i) ^^-p-Cresol 1-0 

(ii) N‘-^-Cresol, ^/20-N'a‘ 72*5 


The yie|d of glycol p-tolyl ether obtained in the second case i? 
thus due almost entirely to the sodium y-tolyloxide; and since the 
concentration of the sodium tolyl oxide must remain constant so 
long as a considerable excess of p-cresol is present, it follows that 
the rate of formation of glycol p-tolyl ether during the greater 
part of the reaction-time must be approximately in accordance 
with the formula; for a unimolecular reaction. The following 
figures illustrate this: 

Yield of glycol 
p-fcolyl ether. 

Reaction solution. Time of heating. Per cent. t ^ lOO-J 

1 hour 47-0 0-276 

f^/20-Nai ) 

2 hours 71-8 0’27o 

2 „ 73-2 0'2S6 
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In the case of propylene oxide no weighabl© quantity of the 
opylene glycol ether was obtained when propylene oxide was 
heated with J^-^resol in the absence of alkali for two hours. 

In the case of the more acidic phenols the effect of the presence 
of the free phenol is more important, as the following figures for 
ethylcRfe oxide and 2:4:6-trichlorophenol show: 


Reaction solution. 

Time of heating. 

Yield of glycol 
trichloropbenyl 
ether. 

Per cent. ~ i 

log-M 
^ 100- 

fi) N'Trichlorophenol . 

.. 2 hours 

2-0 


ii) N-Trichlorophenol 1 

!■ 2 „ 

29-4 

0*075 

N/20-Na’ J 

I 

4 „ 

48-1 

0071 


4 „ 

51-2 

0*078 



Mean 

0075 


la this case the velocity-constant calculated for the sodium salt 
is too high. The corrected constant for sodium trichlorophenoxide, 
taking into account the effect of the free trichlorophenol, would be 
approximately 0’071, As this correction, however, does not affect 
the main results of the investigation, the uncorrected results only 
are given in the table on p. 2123, 

Another factor which affects the values of the observed velocity- 
constants is the action of the olefine oxide on the alcohol used as a 
solvent. It is probable that olefine oxides react slowly with ethyl 
alcohol, and more rapidly with sodium ethoxide, to form glycol 
ethyl ethers: 

Vg“>0 + C,H5-OH = CH,(OH)'CH,.O-C,H,. 

Owing, however, to the solubility in water of the products of this 
reaction in the case of ethylene or propylene oxide, the occurrence 
of this subsidiary reaction does not prevent the approximate esti- 
mation of the yield of glycol aryl ether by the method we have 
adopted, It has the effect, however, of slightly diminishing the 
values of the velocity-constants obtained for the sodium phenoxides, 

, The magnitude of the effect so produced can be estimated from 
i a consideration of the speed of combination of the olefine oxide 
^ and alcohol, and this can be determined approximately by measur- 
ing the maximum yields of glycol aryl ethers obtained in the case 
of the more acidic phenols, when the solutions remain neutral 
throughout the whole experiment. 

The following data refer to ethylene oxide : 

Yield in 2 houi-s. Maximum yield. 

Reaction solution. Per cent. Per cent, 

N -p-Nitrophenol 
N/20-Na’ 
iV-m-NitrophenoI 
A/20-Na' 


13-4 


87 
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Since a large excess of alcohol is present during the 
experiment, the reaction between the alcohol and the ethylene ojiijj 
may be regarded aa a unimolecular one, and hence the ratio of 
spe^s of the two concurrent reactions, combination with alcotoi 
and combination with the sodium derivative of p-nitrophenol, 
be taken as 26/74. Consequently, in the case of the p-nitrophenoi 
solution we obtain for the percentage of ethylene oxide lost in twj, 
hours by combination with alcohol, 26/74x5*6=2 approximately 
The figures in the case of m-nitrophenol give a similar result 
Hence in the case of phenols sufficiently reactive for the experi- 
ments to be completed in two or four hours it has not been thought 
necessary to make any correction for this factor. 

The yield of glycol aryl ether in two or four hours with some 
phenols, however, is so small that experiments were made involving 
longer periods. 

In such cases the correction becomes important, as ia shown by 
the following figures: 

■ Yield. 

Time in hours. Per cent. k uncorreoted. jfc corrected. 
J^'' 0 -Nitrophenol, 7V/20'Na', and ethylene oxide, 

2 3‘3 0-0073 0-00736 

46 47-5 0-0061 0-00740 

J/-p-Hydroxybenzonitrile, ^/SO-Na', and propylene oxide. 

2 6-69 0-0150 0-0152 

U 29-6 0-0138 0-0144 

.W'-Salicylonitrile, .?^/20-N'a‘, and propylene oxide. 

2 8-49 0-0193 0-0195 

15 45-0 0-0173 0-0192 

The formula used for correction of the velocity-constant ia as 
follows : 



* Let K = velocity-constant of formation of aryl ether. 

,, K-— ,, ,, ,, ethyl ether. 

,, X —percentage of ethylene oxide transformed into aryl ether ia t hours. 
>1 = jj )) 5 , ethyl ,, 5 , 

,, V =iiiaxininm percentage yield of aryl etlier. 

Then a’ -I- 5.-^= total percentage of ethylene oxide transformed iu t hours. 
Hence ^ i 

„ a; F , 100a; 

But ^ 


^ + ^^“ 100 * 


K+K^ = t]o^-. 


x + x^-- 
100 

100 --^ 


F ■ 
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sodium 


ffbew X is the corrected velocity-constant for the reaction between 
the olefine oxide and the sodium phenoxide, x is the percentage 
ield in < hours, and Y is the maximum yield per cent. 

^ This formula is based on the assumption that the reactions 
Ijetween the olefine oxide and the alcohol and sodium phenoxide 
respectively may both be regarded as unimolecular. 

AVith regard to the mechanism of the reaction between the olefine 
oxide and the sodium phenoxide, three possibilities present them- 


selves. 

The reaction may occur (i) between the oxide molecule and the 
uudissociated sodium phenoxide, or (ii) between the oxide molecule 
and the sodium and phenoxy-ions, or (iii) it may consist in the 
combination of the oxide molecule with the phenoxy-ion only, a new 
ion being formed. This would then react with the excess of phenol 
to give the undissociated glycol ether : 


(i) 




CH,- 


CH.'ONa 


(>') 

(iii) 



CHj-ONa ■ 



|CH,-0'C,H,V 

lCH,-0 / 


As far as our experiments admit of a conclusion being drawn 
with regard to this question, it would appear that the third 
hypothesis is the most probable one. This is shown by the follow- 
ing considerations. 

The effect on the velocity of reaction produced by an alteration 
in the concentration of the sodium phenoxide must evidently be 
different in the three cases. If, for example, the concentration of 
the sodium phenoxide were reduced from N 120 to NjAO, then, 
owing to the increase in the degree of dissociation resulting from 
the dilution, the active mass of undissociated sodium phenoxide 
would be reduced to less than one-half of its previous value ; hence, 
assuming equation (i) to represent the mechanism of the reaction, 
a diminution of the speed of the reaction to lees than one-half of 
its previous value must follow. 


.tail 
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A"+Ai“l00’ 
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In the case represented by equation (ii), halving the concentra. 
tion of the sodium phenoxid© would result in a reduction of tie 
speed of the reaction to one-quarter of its former value, supposing 
the degree of dissociation were unaltered. The increase in thg 
degree of dissociation which accompanies the dilution would prevent 
the reduction in speed being quite so great, but the total result 
must be again a diminution in speed to less than one-half. On the 
other hand, in the case represented by equation (iii) a diminution 
in the concentration of the sodium phenoxide from iY/20 to V/4|) 
would result in a diminution in the speed of the reaction to a 
value greater than one-half the original one, for the increase in the 
degree of dissociation will counterbalance, to some extent, the 
diminution in concentration of the phenolic salt. 

Experiments with p-cresol and ethylene oxide gave the following 
results : 




Yield. 



Reaction solution. 

Time. 

Per cent. 

h. 

Mean k. 

(i) V-j>-Cresol \ 
.V/20-Na /"* 

1 hour 

47-0 

0-276 

0-279 

2 hours 

71-8 

0-275 


2 „ 

73-2 

0-286 


(ii) iV-j5-Cresol ) 

2 M 

48-9 

0-146 


27/40-Na j- 



2 „ 

52-5 

0-162 

0-157 


4 „ 

77-6 

0163 



These facts are in harmony with the view of the reaction repre- 
sented by equation (iii). 

Summary of Uesults. 

The following table contains the results of experiments carried 
out at 70*4^ with iY-phenol, ^■/20-Na* alcoholic solutions. The 
velocity-constants given are mean values calculated on the resulis 
of at least two experiments of different periods of duration. The 
experimental error varies somewhat with different phenols, but the 
figures already quoted for p-cresol, 2:4: 6-trichlorophenol, o-nitro- 
phenol, p-hydroxybenzonitrile, and salicylonitril© may be taken as 
typical of the results obtained generally. 

In a number of cases two or more experiments of the same penod 
of duration were carried out, and in the column headed Yidd 
in two hours” the limits obtained in separate experiments of two 
hours' duration are given, the number of experimente carried out; 
being indicated by the figure in brackete. 
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Ethylene oxide. Propylwie oxide. 
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rC . 
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1 ;j.Cumenol ... 

78-9 

<5 

94-2 

0^38 

44-8 

89-6 

0-125 

0 Thymol 

74-9 

90*7 

0-311 39-9—38-5(3) 

90-6 

0-107 

3 ^.Dimethyl- 







aminophenol 

♦ 

+ 

* 

38-9 

92-6 

0-105 

4 jj-Cresol 

73-2— 71-8(2) 97-0 

0-279 38 

5—36-3(3) 92-5 

0-101 


68*8 

92-9 

0*257 

38-8 

89-8 

0-101 


69-8— 68-1 (2) 98-0 

0*256 32-1—31-8 

90-9 

0-083 

7 p-Xylenol ... 

67-8 

91-9 

0-244 

t 

88-9 

0-092 

8 Eugenol 

65*6—62-8(2) 96-0 

0*226 

32-0 

95-8 

0-080 

9. o-Cresol 

64.5.>-64*1(2) 94-5 

0-225 30-8—28-9(2) 

94-1 

0-078 

10. Phenol 

60-8—60*3(2) 96-7 

0*205 30-1—28*5(3) 

92-7 

0-075 

[1. o-Naphthol . 

54-9 

97-5 

0-173 

30-9 

97-9 

0-083 

12. Guai&col ... 

53*7 

99-3 

0*171 

26-2 

91-6 

0-064 

13. )9*Naphthol . 

48-7--4S-3(2) 95-1 

0-144 22- 

5—21-1 

94-2 

0-053 

14. p-Chdoro- 







phenol 40-6—38.3 (2) 05-5 

0*108 17-7—16-8 

92-9 

0-042 

15. o-Ghloro- 







phenol 39-0— 38-6(2) 95-9 

0*104 21'0— 19-7 (2) 

96-1 

0-050 

16. m-Chloro- 







phenol 37-5— 36-8(2) 95-7 

0-101 

17-9 

920 

0-043 

17. 2 : 4 ; 6-Tri- 







bromophenol 38-6 — 37-6(3) 93-9 

0-099 26-9^25-8(3) 

90*8 

0-065 

18, 2: 4! 6-Tri- 







chlorophenol 

29*4 

92-7 

0-075 19-4— 18-8(3) 

92-2 

0-045 

19. p-Benzene- 







azophenol 

20-9 

90-7 

0*050 

10-2 

860 

0-023 

!0. wt-Hydroxy- 







benzonitrilo 

19-1 

90-5 

0044 

9-99 

86-8 

0 0224 

!1. Salicylonitrile 

14-3 

81-9 

0-033 

8-49 

79-5 

0-0193 

!2. in-Nitrophenol 

13*4 

87-2 

0-032 

6-73 

850 

00152 

!3. /J-Hyclroxy- 







benzonitrde 

11-1 

81-6 

0-026 

6-69 

81-4 

0-0150 

!4, p-Xitrophenol 

5-6 

73-6 

0-013 3-2 

-3-14(2) 

71-6 

0-0075 

!5. o-Nitrophenol 

3-3 

71*1 

0-0073 

2-38 

73-4 

0-0035 


* Owing to the solubility in 'ivater of glycol 77i-ilimethylamiiiophenyl ether it 
vas not found possible to estimate the yield in the case of ethylene oxide, 
t The Tclocity-constaut was calculated from experiments of one, three, and four 
mis’ duration. The percentage yield in three hours was 47 0. 


Below are given the results of a few experiments carried out 


iV-phenoi solutions 

and ethylene 

oxide in 

the absence of 


Time, 

Yield. 

% 1 X 

PhenoL 

in houra. Per cent. 

100(100— a;)’ 

Thymol 

24 

7*14 

32xi0-'‘ 

P-Cresol 

2 

1-01 

61 

2:4; 6-Tribromophenol 

2 

2*7 

139 

2:4; 6-Trichlorophenol 

2 

2-0 

102 

p-Nitrophonol 

2 

0-43 

22 

o-^Nitrophenol 

2 

0-14 

7 
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Condvr^oTis. 


Directing attention in the first place to the results obtained in 
the case of ethylene oxide, the following conclusions may be drawn; 

(1) The reactivity of the sodium phenoxid© is enhanced by tie 
presence of positive groups, for example^ *CHg, ’CgHy, 

•CHa’CHICHg, 

and diminislied by the presence of negative groups, for examp^ 
-OMe. -CHiCH-CHICH-, *C1, -Br, CgHg-NIN-, -CN, -NOg. 

(2) Broadly speaking, it may be said that the speed of the 
reaction between ethylene oxide and the sodium phenoxide dimin. 
ishee with increase in the acidity of the phenol. Exact data with 
regard to the relative acidities of the majority of phenols are, 
unfortunately, not available. 

The following figures, however, bring out the general correctness 
of the foregoing statement: 


Hydrolysis of sodium salt 
at 25“ Vgo (Hantzsch 
and E'armer).* 


Phenol. Per cent. 

Phenol ^‘0 

p-Chloroplionol 

O'Cblorophenol 2*1 

p-Hydroxybenzonitrile ... 0‘62 

2:4: 6-Trichlorophenol...... 0-37 

p-Benzencazophenol 0'33 

P'Nitrophenol 0*28 


Velocity-constant of com- 
bination of sodium salt and 
ethylene oxide at TO-d". 
0-306 
0-108 
0-104 
0-036 
0-076 
0-05 
0-012 


♦ Ber., 1899 , 32, 3066 , 3089 . 


Of the seven phenols mentioned in the above list, five show a 
remarkably close agreement as regards the reactivity of the sodium 
salt towards ethylene oxide on the one hand and ite tendency 
towards hydrolysis in aqueous solution on the other. The two 
exceptions are p-benzeneazophenol and 2:4: fi-trichlorophenol. 
With regard to the former it is to be noticed that, as Hantzsch and 
Earmer point out, the method employed by them to determine the 
percentage of hydrolysis of the sodium salt, namely, hydrolysis of 
methyl acetate, ia unsatisfactory in the case of this particular 
phenol, owing to its insolubility in water. A subsequent determina- 
tion of the percentage of hydrolysis of the barium salt by Fanner 
by a different method (T., 1901, 79, 864) gave 0'90 at Vg 2 ’ 
a result v/hich agrees well with the value found for the reactivity 
of the sodium salt towards ethylene oxide. 2:4: 6-Trichlorophenol, 
on the other hand, stands out as a remarkable exception to the 
rule, the reactivity of its sodium salt towards ethylene oxide being 
five or six times as great as would be expected from the extent o 
its hydrolysis in aqueous solution. 

This relationship between the speed of reaction of ethylene oxide 
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the aodium derivative of a phenol and the acidity of the 
phenol finds a plauaibl© explanation in the view already expressed 
that the process consists essentially in a combination of the olefine 
oxide with the phcnoxy-ion: 


?hP>o+cA.o', 


fCH,-0-C,H4' 
ICH.'O / 


pronounced acidity on the part of a phenol implies a compara- 
tively small tendency on the part of the phenoxy-ion to form an 
additive compound with a hydrogen ion ; that is to say, it implies 
a considerable capacity on the part of the phenoxy-ion for stable 
independent existence in a suitable solvent. The p-cyanophenoxy- 
ion, to taife one example, must be essentially a more stable grouping 
than the simple unsubstituted phenoxy-ion; and it seems not 
unreasonable to suppose that this stability would be exhibited, not 
only in relation to the hydrogen ion, but also in respect to other 
possible additive reactions, for instance, combination with an 
ethylene oxide molecule. In any case the facts appear to indicate 
that a certain analogy does exist between the two reactions : 


C,1VO'-hH' = C,H5-OH 

and 

CH ' 

CeH^-O' + = C,H,‘0CH,‘CH,-0'. 

(3) The reactivity of the sodium phenoxide depends on the 
positions of the substituent groups or atoms, as well as on their 
chemical nature; thus, thymol is considerably more reactive than 
the isomeric carvacrol, p-cresol than o-c resol. It is not possible, 
however, in the case of mono-substituted phenols to recognise any 
general rule connecting the position - of a substituent and the 
magnitude of its effect on the reactivity of the sodium salt. In the 
four different o-, m-, and p-series which we have investigated, the 
order of reactivity is different in each case : 


Cresols. 

k. 

Chloro- 
phenols. k. 

Hydroxy- 

benzo- 

nitriles. k. 

Nitro- 

phenols. k. 

P- 

0‘28 

P‘ 

0-108 

m- 

0-044 

m- 0-032 

m- 

0-26 

0- 

0-104 

0- 

0-033 

p- 0-012 

0- 0-23 

m- 

0-101 

P- 

0-026 

0- 0 0073 


(4) The velocity-constants of 2 : 4 : 6-trichloro- and 2:4:6-tri- 
bromo-phenol give no indication of steric hindrance in the case of 
these phenols. 

It would even appear from a considwation of the abnormal 
reactivity of sodium trichlorophenoxide already referred to, that 
two ortho-placed substituents, instead of hindering the combination 
VOL. cv. 6 Y 
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of the phenoxy-ion with the ethylene oxide molecule, actually favoui 
it in some special way. 

Turning now to the data in the case of propylene oxide, the 
following additional points may be noted : 

(5) The speed of reaction between a sodium phenoxide and 
propylene oxide is always much lower than the speed of reaction 
between the same sodium phenoxide and ethylene oxide. In the 
case of phenol we have: 

Velocity constant for ethylene oxide ^ O Q75 ^ 

Vel^y constant for propylene oxide 0-:iy5 
and the ratio has approximately the same value for the majority 
of the less acidic phenols. 

In the case of the more acidic phenols it has a higher value; for 
f^nitrophenol O’hS, for m-hydroxybenzonitrile O'hl. The highesl 
value, 0-66, is reached in the case of 2 : 4 : 6-tribromophenol. 

(6)' The phenols stand, as regards the reactivity of their sodiuji 
salts, in almost the same order in the case of propylene oxide as ii 
the case of ethylene oxide. The most notable exceptions are th 
trichloro- and tribromo-phenols, a-naphthol and o-chloropheno 
These four phenols, two of which are ortho-substituted and th 
other two diortho-substituted, are much more reactive toward 
propylene oxide than would be expected from a consideration of 
the results obtained for the same phenols in the case of ethylene 
oxide This is the more remarkable since in the case of ortb 
and more especially in that of diortho-substituted phenols one 
might have anticipated a special retardation of the velocity as the 
result of the steric influence of the methyl group. Experiment 
shows, however, that precisely the opposite is the case.^ Instead o 
the reaction of the propylene oxide being retarded relatively to that 
of the ethylene oxide by the presence in a phenol of two ortho 
eubstituents, it appears actually to be accelerated by the presence 

of these substituents. ^ . v . ^ 

(7) Very striking evidence in favour of the view that two 
ortho-placed suhstitueats exert an accelerating influence on the 
reaction between olefine oxides and sodium phenoxides is found n 
the propylene oxide data tor p-chlorophenol and 2 : 4 : 6-tnchloro- 
phenol. In spite of the much greater acidity of the tnchlorophcnol, 
its velocity-constant is as great as, if not greater than, that ot 

p-chloroph«nol. ^ . i 

(8) With regard to the results of the experiments m w 

ethylene oxide was heated with free phenols, it may be 
that they show a (qualitative agreement with the view tba 
formation of the glycol aryl ether depends on the , 

the ethylene oxide molecule with the phenoxy-ion. Thus, altmue , 
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IS shown by the experiments with sodium phenoxides, the 
j^tolyloxj'ion ^ much more reactive than the trichlorophenoxy- 
jon nevertheless, owing to the concentration of ions being much 
yreater in the solution of free trichlorophenol than in that of 
^resol, the actual speed of formation of glycol aryl ether in the 
ibsence of alkali is greater in the case of trichlorophenol than in 
^hat of jHiresol. 

The velocity-constants of the free o- and p-nitrophenols also 
approach that of free p-cresol much more nearly than the constants 
’or the sodium derivatives of the nitrophenols do that of sodium 
i^tolyloxide, as would be expected from the fact that the disso- 
nation constants of the nitrophenols are greater than that of 
[^-cresol. 

(9) The experiments with benzeneazophenol show that the 
}r(^uct obtained by the action of ethylene oxide on the sodium salt 
)f this phenol is the same substance as is produced by the action 
>f ethylene oxide on the free azophenol. This observation gives 
iupport to the view that the free azo-compound is present in aqueous 
ilcoholic solution mainly, if not entirely, as a hydroxy-compound, 
md not to any considerable extent in the form of a quinone- 
lydrazone. 

Comparison of Residts with those of Previous Investigations, 

Several investigations have in recent years been carried out with 
he object of determining the influence of substituents on the 
■eactivities of phenols. 

Schryver (T., 1899, 75, 661) investigated the behaviour of the 
odium salts of a number of phenols towards the anhydride of 
amphoric acid, and found that in the majority of cases reaction 
akes place readily between the solid sodium salt and the camphoric 
,nhydrid6 dissolved in xylene, in accordance with the equation : 

XONa -I- 

Two classes of substituted phenols proved, however, to be incap- 
hle of reacting with camphoric anhydride under the conditions 
mployed by Schryver, namely, o- and p-nitrophenols and di-o- 
romophenols. 

Although the sodium salt of m-nitrophenol reacts with a xylene 
olution of camphoric anhydride fairly readily at water-bath tern- 
crature, no reaction could be brought about between camphoric 
nhydride and the sodium salts of o- and p-nitrophenols, even on 
rolonged heating at 180°. Again, although reaction occurred 
fadily between the xylene solution of camphoric anhydride and 
SQdiura salts of 4-bromo- and 2 : 4-dibromo-ph6noI, no reaction 

6 V 2 
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could be brought about between the camphoric anhydride eolution 
and the sodium salts of 2:6*dibromO' and 2 : 4 : 6-tribromo-plieQQj 
even when the mixtures were heated in sealed tubes at 150— -igoo 
These results of Schryver with regard to o- and p-nitropheaois 
and the diortho-substituted phenols offer a remarkable contrast to 
our observations, a fact which is the more interesting since the t^o 
reactions appear at first sight to be distinctly similar in character' 

X-0Ka + R<^^0 = R<^0«|“. 


X-ONa + 


cr^-ox ■ 


It is to be noted, however, that whilst our experiments were 
carried out in alcoholic solution with the result that the reaction 
probably took place mainly, if not exclusively, between the phenoxy* 
ion and the olefine oxide molecule, in Schryver’s experimecte a 
solution of camphoric anhydride in xylene was allowed to act on 
the solid sodium salt of the phenol, and the reaction was probably 
limited almost entirely to the^undissociated phenolic salt. More- 
over, under the conditions employed by Schryver an important 
factor in determining the speed of reaction must necessarily be 
the solubility of the sodium salt in xylene, and it appears not 
impossible that this factor may have had some influence in produc- 
ing the phenomena observed by him. 

In the somewhat analogous case of the action of aqueous 
hydriodic acid on phenolic ethers it was found by Boyd and Pitman 
(T., 1905, 87, 1255) that 2 : 4 : 6-trichlort>- and 2:4: 6-tribromo- 
anisole showed an exceptional stability towards this reagent; but 
this stability is due in all probability merely to the insolubility of 
these ethers in the reagent, since it disappears when the hydriodic 
acid is allowed to act on them in a medium in which the ethers are 
soluble. 

This solubility factor, unfortunately, also throws obscurity upon 
the meaning to be attached to. the results obtained by Bischoff 
{Her., 1900, 33, 1249) in an inv^tigation of the action of the 
sodium salts of various phenols on o-bromopropionic, a-bromn- 
butyric, a-bromoi5ohutyric, and a bromoiijovaleric esters. 

The method of experiment consisted in boiling the sodium salt 
of the phenol with a solution of the bromo-ester in light petroleum 
for one hour, and determining the yield of phenoxy-derivative. 
Some of Bischoff 's results differ to a remarkable extent from ours, 
as is shown by the following figures : 
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Yield of ethylene oxide 
derivative in two hours 
at 70•4^ 

Per cent. 

76 
64 
61 
72 
68 
79 
64 
6>6 

Thus whereas we find ifc to be an invariable rule that the intro- 
duction of one or more alkyl groups increaees the reactivity of 
phenol, in several of Bischoff's experiments the reactivity of the 
alkyhsubstituted phenol is less than that of phenol itself. Parti- 
cularly striking is the case of ^-cumenol, which BischofE finds to be 
the least reactive of all the alkyl-substituted phenols investigated 
by him, but which wo find to be the most reactive. It is, of course, 
the case that the reaction investigated by Bischoff is a double 
decomposition, whilst that studied by us is an additive reaction. 
Even this difference of character, however, would hardly have been 
expected to produce such entirely opposite results. Bischoff ’e 
observations on the retarding influence of negative groups, parti- 
cularly nitro-groups, agree with our own. 

Similar observations on the retarding influence of negative 
groups were made by Auwers and Haymann {Ber.j 1894, 27, 2795), 
wiio studied the action of ethyl ch loro acetate in alcoholic solution 
ou the sodium salts of certain phenols. Auwers and Haymann 
found, for example, that no reaction took place on digesting the 
sodium salts of o- and p-nitrophenol for thirty hours on a water- 
bath with an alcoholic solution of ethyl chloroacetate. The latter 
reaction has been re-investigated recently by Hewitt, Johnson, and 
Pope (T., 1913, 103, 1626). These authors obtained a fair yield 
of ethyl m-nitrophenoxyacetate by the action of ethyl chloroacetate 
in absolute alcoholic solution at.,.water-bath temperature on the 
sodium salt of m-nitrophenol, but they were unable to isolate the 
isomeric ethyl o- and p-nitrophenoxyacetates after treating the 
sodium salts of o- and p-nitrophenol in a similar way. Prom this 
result they draw the conclusion that in the sodium salts of o- and 
yMiitrophenol the grouping ;C*0Na is wanting. 

Our experiments, however, which show a steady gradation in the 
reactivities of the three nitrophenols, lend no support to the view 
tliat the sodium salts of o- and j^-nitrophenol differ in constitution 
bom the sodium salt of w-nitrophenol. The velocity-constants of 
reaction with ethylene oxide for the sodiun^alts of phenol and the 
three nitroplienols are as follows : 


Yield of propionic ester 
derivative in one hour 
at 66—70°. 
Phenol. Per cent, 

K? I 

y.Xylenol 

ifr-Cunaenol ■ • • ” 

Guaiacol .■•••• ^ 

^.Nitrophenol u 
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Phenol, 0'21 ; Tw-nitrophenol, 0*032 ; j^nitrophenol, O0l2- 
o-nitrophenol, 0’007. ^ 

The introduction of the ‘NOg group in the meta-poeition thus 
lowers the reactivity of phenol to about 1/7 of its value; the same 
group in the para-position reduces the reactivity to about 1/17^ and 
in the ortho-position to about 1/30. Such differences are not 
greater than might naturally arise from the differences in the 
position of the ’NOg group in the benzene nucleus. 

Our results, of course, do not preclude the possibility that all 

three nitrophenols give rise to nitronic salts, anj 

that these react with the olefine oxides to produce nitronic esters 
which are quickly transformed into the more stable phenolic ethers 

Experimental, 

As regards the method employed for the estimation of the glyco] 
aryl ethers, one or two points in addition to those already mentioned 
on p. 2117 may be indicated. 

In order to prevent any possibility of alcohol vapour catching 
fire during the process of sealing the reaction tube and so intro- 
ducing carbon dioxide which would cause the precipitation of 
sodium carbonate, it was found advantageous to displace the air 
in the tube by means of nitrogen. It was found useful also to 
place in the reaction tube a small piece of glass rod, as this 
rendered the breaking of the bulb containing the olefine oxide 
much easier. 

For the removal of the excess of phenol remaining after the 
reaction was over, a roughly normal solution of potassium hydr- 
oxide was employed. 

In the majority of cases it was found necessary to shake seven 
or eight times with potassium hydroxide solution in order to 
remove the phenol completely. In certain cases, namely, those of 
thymol, carvacrol, j^-xylenol, and y|(-cumenol, it was found impossible 
to extract all the free phenol by shaking an ethereal solution with 
aqueous potassium hydroxide. 

The difficulty, however, was overcome by employing light petrol- 
eum (b. p. below 50°) as the solvent for the glycol aryl ether, the 
excess of the phenol being then removed by six or eight shakings 
witli aqueous potassium hydroxide. In order to prevent lose of 
glycol aryl ether in the aqueous solution, it was necessary to shahe 
the series of alkaline liquors several times with fresh quantities of 
ether, or light petroleum, as the case might be. From 50 to 100 c.c. 
of ether were employei^fin the first extraction, and three or four 
portions, each of 50 c.c., in extracting the alkaline liquors, whilst 
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about 30 c.c. of aqueous potassium hydroxide were used in each 
washing. In commencing experiments with a new phenol, the 
last portion of ether was always evaporated separately, in order to 
ascertain if the extraction of the glycol aryl ether had been 
approximately complete. The following was found to be a conveni- 
ent test for proving that the excess of phenol had been completely 
removed from the ethereal solution. Two or three c.c. of the last 
washing liquor were boiled to remove dissolved ether, then mixed 
with an equal volume of concentrated nitric acid, and boiled again 
for a few minutes. The liquid after cooling was mixed with excess 
of sodium hydroxide, when the solution acquired a brownish-yellow 
colour if phenol were present. 

The greater part of the solvent used in extraction was evaporated 
in a water-bath, but in order to prevent possible loss of glycol ether 
by vaporisation, the last few c.c. were removed in a current of air. 

Some of the glycol aryl ethers are hygroscopic, and, when oils, 
they were found to retain persistently small quantities of the 
solvent ether. Hence it was sometimes necessary to dry in a 
vacuum desiccator over sulphuric acid for several days before the 
weight became constant. In a few cases it was found that appre- 
ciable vaporisation takes place in a vacuum, and a constant loss 
of 1 to 3 milligrams in twenty-four hours was observed. In esti- 
mating the yields in these cases an allowance was made correspond- 
ing with the number of days during which the glycol ether had been 
drying, and the constant loss observed. 

The majority of the aryl ethers obtained from ethylene oxide 
were crystalline substances, and of a high degree of purity, as was 
shown by analysis. The oily ethylene glycol ethers all readily 
gave crystalline p^nitrobenzoates, the purity of which was also 
ascertained by analysis. 

The deiivatives of propylene oxide, on the other hand, were, in 
the majority of cases, oils at the ordinary temperature, and in all 
cases appeared to consist of two compounds. The explanation, of 
this fact is suggested by the following formulae : 

CH3-GH(0H)*CH2*0R and CH3*CH(OR)*CH2-OH. 

The quantities of the propylene glycol ethers prepared were small, 
and in no case enough to effect a complete separation of either 
constituent in sufficient amount to permit of a decision as to which 
of the two isomerides had been separated. In a few casee, however, 
one constituent proved to be so sparingly soluble in light petroleum 
that the other could be obtained in a state of purity by recrystal- 
liaation. 

Usually a mixture of the two isomerides was analysed after one 
or two crystallisations, and the results of the analyses indicate that 
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the product of the action of propylene oxide on a sodium phenoxidg 
consists entirely of substances having the empirical formula 
CgHgOgR, in agreement with the view that a mixture of compounds 
having the above formula is in question. 

In the case of propylene glycol 2:4: G-tribromophenyl ether \ 
complete separation was effected. After repeated crystallisation 
from light petroleum, followed by crystallisation from dilute alcohol 
three fractions were obtained, melting at 78—79°, 64—65° and 
42*5 — 43*5° respectively. The first and third fractions gave 
analyses agreeing with the composition CgHgOgBrs, the second 
was not analysed. It would appear that the first two are probably 
the isomeric ethers, whilst the third, the most eoluhle, is a eutectic 
mixture of these. 

In view of the uncertainty as to which of the two iaomerides is 
in question in those cases in which fractions having a sharp meltinff 
point were obtained, only typical ethers were analysed, sufficient to 
prove that the reaction proceeds as indicated, and that the products 
have the above empirical composition corresponding with one or 
both of the constitutional formulae given above. 

The alcohol employed as solvent was commercial ethyl alcohol 
which had been boiled for some hours with solid sodium hydroxide 
and distilled. It had Df 0*79058, corresponding with 98*1 per 
cent, of ethyl alcohol. The presence of 2 per cent, of water made 
it possible to obtain N j 20-solutiona of the sodium salts of the nitro- 
phenols, which are only sparingly soluble in absolute alcohol. 

The A-phenol, iV‘/20-Na‘ solutions of the nitrophenols, were 
prepared in the reaction tubes by mixing standard solutions of 
the nitrophenols and sodium ethoxide in the proper proportions. 
In the case of o-nitrophenol a small quantity of the sodium salt 
separated at room temperature, but a clear solution was obtained 
at 70*4°. The iV-phenol, iV/20-Na* solution of benzeneazophenol 
was prepared at 35° instead of at room temperature. 

The ethylene oxide, after redistillation, boiled at 12*5 — 13°/ 
757 mm. 

The propylene oxide was prepare<l from propylene glycol by first 
con\erting this into the chlorohydrin by the action of sulphur 
chloride. The crude product was fractionated ten or twelve times, 
and the resulting liquid, boiling at 127 — 129°, was cautiously 
treated with concentrated aqueous potassium hydroxide and dis- 
tillfid. The crude propylene oxide so obtained was allowed to 
remain over potassium carbonate, distilled, and left in contact 
with metallic sodium to remove the last traces of water, and then 
repeatedly fractionated. 

The treatment with sodium appeared to be necessary, as distilla- 
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tioD over other dehydrating agents was not sufficient to remove 
^]ie water. Unfortunately, the yield of propylene oxide was very 
miicli reduced by this treatment. Several other methods of pre- 
aration were tried, but the yield was even lees satisfactory, and 
the product less pure. The fraction boiling at 34 — 36® under 
atmospheric pressure was used in the experiments. 

The purity of the phenols was controlled by melting-point or 
boiliug'poi^t determinations. 


Experimental Bata. 

The following examples of the experimental data obtained are 
given in full for illustrative purposes : 


Phenol. 


Ethylene Oxide. 



Propylene Oxide. 


Tune, Oxid©, 

Ether. 

Yield. 


Time, Oxide. 

Ether. 

Yield. 


hours. Gram. 

Grams. Per cent. 

Jc. 

hours. Gram. 

Gram. 

Percent, k. 

2 0-414 

0-783 

60-3 

0-201 

1 2 

0-332 

0-247 

28-5 

0-073 

2 0-414 

0*790 

60-8 

0-203 

2 

0-427 

0-336 

30-1 

0-078 

4 0-617 

1-389 

86-7 

0-211 

2 

0-182 

0-138 

28-9 

0-074 

117(» )0-l60 

0-486 

96-7 


" 4 

0-192 

0-247 

49-2 

0-074 




i 48(00 ) 

0-123 

0-299 

92-7 



Glycol phenyl ether p-nitrohenzoate was prepared by treating a 
solution of the ether in pyridine with p-nitrobenzoyl chloride, the 
method followed being that described by Henderson and Heilbron 
(R, 1913, 29, 381). It crystallises from alcohol in needles melting 
at 63®. 

In bulk the crystals showed a very pale yellow colour : 

0'1961 gave 8'4 c.c. Ng (moist) at 19° and 767 mm. N-4‘97. 

C 15 H 13 O 5 N requires N — 4‘88 per cent. 

Glycol o-tolyl ether, C 7 H 7 ’ 0 *CH 2 ’CH 2 ' 0 H, is a colourless oil 
boiling at 141°/19 mm. The -p^iitrohenzoate crystallised from 
alcohol in colourless, iridescent plates, melting at 78‘5 — 79’5°: 

0*2172 gave 8*8 c.c. Nj (moist) at 16° and 771 mm. N=4*79. 

CjgHjjOgN requires N=4‘65 per cent. 

The mixture of isomeric propylene glycol o-tolyl ether a formed a 
yellow oil. The p-nitrohenzoates, after crystallisation from alcohol, 
tormed white, microscopic crystals, melting between 78° and 84°: 

0*2308 gave 9*4 c.c. N 2 (moist) at 21° and 769 mm. N — 4*68. 

Qj 7 Hj 705 N requires N = 4*45 per cent. 

Glycol m-tohjl ether was obtained as a colourless oil boiling at 
145— 147°/ 19 mm. The p-nitro benzoate crystallised from alcohol in 
clusters of minute, colourless plates, melting at 80*5 — 81*5°: 
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0’2006 gave 8'3 c.c. Ng (moist) at and 760 mm. N=4-87. 

CjeHj 505 N requires N“4'65 per cent. 

Glycol ^-tolyl ether crystallises from hot light petroleum in 
colourless prisms, melting at 44 — 45°; 

0-1666 gave 0-4331 COg and 0'1187 HgO. 0=70*89; H = 7-97. 

OqHi^O^ requires C=71'01; H = 7-96 per cent. 

Glycol ^-xylyl ether, CgHg'O'CHg’CHg'OH, crystallises from hot 
light petroleum (b. p. 40 — 65°) in clusters of fine needles melting 
at 46°: 

0-1488 gave 0-3939 CO^ and 0-1126 HaO. 0 = 72*19; H=8-48. 

r^iiires 0 = 72*23; H=8'51 per cent. 

Glycol }^-cumyl ether, CgHjj'O’CHa^CHa'OH, crystallises from 
light petroleum in colourless, prismatic crystals, melting at 
70—71°: 

0-1390 gave 0'3736 CO^ and 0-1116 HgO. 0=73*28; H = 9'00. 

CjjHjgOg requires 0=73*24; H=8*97 per cent. 

Since this ether is not very readily soluble in cold light petroleum 
a mixture of light petroleum with a small quantity of ordinary 
ether was used as the extracting solvent in the experiments on the 
velocity of reaction. 

Glycol ^-methyl-^A^oyropylphenyl ether, C]qH]3’O'CH2'CH2'0H, 
remained as an almost colourless oil on evaporation of the light 
petroleum used as extracting solvent. Some months later it spon- 
taneously crystallised on being poured from one vessel to another, 
forming a white, crystalline mass. It was dissolved in hot light 
petroleum (b. p. 68 — 73°), from which, on seeding the cold solution, 
it separated in transparent prisms melting at 53 — 54°: 

0*2097 gave 0*5687 and 0*1739 HgO. 0=73*96; H=9-29. 

CigHjgOg requires 0=74*16; H=9*36 per cent. 

The mixture of isomeric p'O'pylene glycol Z-methyl-^-\mprof]j\- 
phenyl ethers formed a yellow, viscous oil. The p-nitrohenzoaUi 
formed a pasty mass completely soluble in light petroleum, from 
which crystals slowly peparated on evaporation of the solvent. The 
crystals were drained from oil on a porous plate, and recrystallised 
from alcohol. In- this way the less soluble isomeride was obtained 
in pale yellow crystals melting at 60*5 — 62° : 

0-4570 gave IG'l c.c. N 2 (moist) at 21° and 762 mm. N = 4'02. 

CnoHgaOr.N requires N = 3-92 per cent. 

Qlycol %methyl-oAsopro})ylpheiiyl ether, 

separates from light petroleum (b. p. 40 — 60°) in silky needles 
melting at 51 — 62°: 
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0*1407 gave 0-3830 COg and 0*1174 HgO. C=74-25; H=9*36. 

^ 12 ^ 18^2 requires C=74*16; H = 9'36 per cent. 

Glycol o-ntethoxyphenyl ether, CHg-O-CgH^’O-CHg-CHg-OH, waa 
obtained as a colourless oil boiling at 166—167*^/22 mm. On 
remaining it slowly changed to a mass of deliquescent, white crystals 
^ith a low melting point. The ^-nitrohemoate separated from 
alcohol in rosettes of white crystals melting at 87 — 88° : 

01919 gave 7*5 c.c. Ng (moist) at 14° and 749 mm, K-4*53. 

CigHjgOgN requires 17=4*42 per cent. 

Glycol %methoxifA-allylphenyl ether, 

CH3-0*CbH3(C3H5)-0-CH2*CH2*0H, 
dissolves very readily in ether, benzene, alcohol, or ethyl acetate. 
It was recrystallised by dissolving in dry ether and adding to the 
solution sufficient light petroleum to produce a slight turbidity. 
On cooling the turbid liquid in a freezing mixture, the substance 
separated quickly in colourless needles, melting at 36 — 37° 

0*1392 gave 0*3518 COg and 0*0965 HgO. 0 = 68*93; H = 7*77. 

CigHjgOs requires C= 69*18; 11 = 7*76 per cent. 

Glycol a-nayhikyl ether, CjoH^-O-CHg-CHg-OH, was obtained as 
a red, crystalline mass. It was purified from small quantities of 
colouring matter by extracting the crude product repeatedly with 
light petroleum. On cooling the petroleum solution the glycol 
ether separated as an oil, which solidified on rubbing with a crystal. 
It was then dissolved in dry ether, in which it is very readily 
soluble, and to this solution light petroleum was added until a 
faint opalescence was produced, 

A crystal .of the glycol ether was then introduced, and the 
solution left for some time, when clusters of minute, colourless plates 
separated, which melted at 42° : 

0*1450 gave 0*4054 CO. and 0*0836 H.O, C = 76*26; H = 6*46. 

CJ 2 HJ 2 O 3 requires C = 76‘56; H = 6'44 per cent. 

The mixture of isomeric propylene glycol amphthyl ethers 
formed an oil which slowly solidified to a mass of pink crystals. 
These were moderately soluble in boiling light petroleum, and from 
this solution one of the ethers separated as a woolly mass of needles 
melting at 64 — 65°, the other being left as an oil. 

Glycol $- naphthyl ether was obtained as a crystalline solid with 
a slightly pink colour. It was recrystallised twice from hot benzene, 
horn which it separated as an almost colourless, crystalline powder, 
melting at 76°: 

0*1667 gave 0*4669 CO 2 and 0*0964 HgO. C= 76*38; H = 6*48. 

C 1 . 2 H 1 . 2 O .2 requires C = 76*56; H = 6*44 per cent. 

The mixture of isomeric propylene glycol ^-naphthyl ethers con- 
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sistcd of pink crystals. Crystallisation from dilute alcohol, followed 
by crystallisation from light petroleum, gave a colourless fraction 
melting at 80 — 82® : 

0‘1290 gave 0'3629 CO 2 and 0*0825 HgO. C=*76’72; H=7'16. 

CjgHi 402 requires C= 77*19 ; H~ 6*98 per cent. 

Glycol o-chlorofhenyl ether ^ CftH 4 Cl* 0 *CH 2 *CH 2 * 0 H, was ok 
tained as a colourless oil boiling at 159 — 161®/22 mm. The p-ntbo- 
henzoate crystallises from alcohol in small, transparent plates, with 
a pale yellow tinge and melting at 81 — 82® ; 

0*1944 gave 7*3 c.c, Ng (moist) at 18® and 768 mm. N=4'38. 

CisHigOgNCl requires N=4*36 per cent, 

GU/col m-chlorophe^yl ether is a colourless oil boiling at 
163 ~ 164®/22 mm. The p-nitrobemoate crystallises from alcohol 
in small, dense crystals with a very pale yellow tint, and melting 
at 104®: 

0*167^ gave 6*2 c.c. Nj (moist) at 17® and 768 mm, N=4*35. 

C 15 H 12 O 5 NCI requires 17= 4' 36 per cent. 

The mixture of isomeric propylene glycol m-cklorophenyl ethen 
formed an oily liquid. The i^-nitrohenzoateSf after repeated crysfcat 
lisation from light petroleum and from alcohol, were partly separ- 
ated. The specimen analysed melted at 98*5 — 101® ; 

0*2129 gave 8*1 c.c. Ng (moist) at 15® and 738 mm. N:=4*33. 

C 4 gHi 405 NCl requires 17=4*18 per cent. 

Glycol Tg-chlorophenyl ether was obtained as an almost colourless, 
crystalline mass, melting at about 28®. The p-nitrohenzoate crystal- 
lises from alcohol in needles with a very pale yellow tinge, and 
melting at 90 — ^91® : 

0'1729 gave 6*5 c.c. Ng (moist) at 18® and 766 mm. N=4‘38. 

C 15 H 12 O 5 NCI requires N=4-36 per cent. 

The glycol 2:4: ^-trichlorophenyl ether, 

C6H2C1j*0*CH2‘CH2*0H, 

was crystallised from hot light petroleum (b, p. 68 — 75®), from 
which it separates in prismatic needles melting at 77® : 

0*1946 gave 0*3471 AgCI. Cl = 44*13. 

CgH 702 Cls requires 01=44*08 per cent 
, Glycol 2:4: ^-trihromophenyl ether, CgH 2 Br 3 » 0 *CH 2 *CH 2 ’^® 
crystallises from hot ethyl alcohol in fine needles melting at 116°; 
0*1710 gave 0*2583 AgBr. Br=64*27. 

CgHjOgBr^ requires Br=63‘97 per cent. 

The mixture of isomeric propylene glycol 2 'A‘.^-trihromopht^ 
ethers by repeated crystallisation, first from light petroleum aiu 
afterwards from dilute alcohol, was separated into three fractions 
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jjjglticg at 78 — 79°, 64 — 65°, and 42'5 — 43'5° respectively. The first 
ind third fractions were analysed : 

I. 0*0867 gave 0'1263 AgBr. Br=61*96. 
hi! 0*1402 „ 0*2031 AgBr. Br=61’64. 

C0HgO2Br3 requires Br = 61*67 per cent. 

Glycol ^hemen^azophenyl ether, 

crystallises from benzene in orange-coloured needles melting at 
100 °: 

0*1231 gave 12*4 c.c. Ng (moist) at 14° and 759 mm. N= 11*84. 

requires N= 11*57 per cent. 

In order to ascertain whether benzeneazophenol, in the absence 
of alkali, would react with ethylene oxide as a quinone-hydrazone, 
producing a derivative of the formula 

# CeH5-N(CH2-CH2-0H)-N:C(;H4:0, 

a solution of the free phenol was heated with ethylene oxide for 
some hours. Since it has been shown by Knorr (Ber., 1899, 32, 
729) that ethylene oxide does, not react easily with amines in the 
absence of .water, the solvent employed in this case was a mixture 
of alcohol and water in about equal proportions by volume. The 
product under these conditions was quite similar in appearance 
to the substance produced when alkali was present, and had the 
same melting point. A mixture of the two products in about equal 
proportions also melted at the same temperature. 

It would appear, therefore, that the same substance, namely, that 
of the formula C^H5*NIN'C6H4'0*CH^'CH2*0H, was produced in 
each case. 

The mixture of isomeric propylene glycol benzeneazophenyl ethers 
consisted of orange crystals, sparingly soluble in light petroleum. 
This solvent readily effects a separation of the two ethers, the more 
soluble isomeride crystallising with difficulty. The specimen ana- 
lysed melted at 99 — 101*5° : 

0*1970 gave 18*3 c.c. N2 (moist) at 12° and 751 mm. N = 10*86. 

CisHigO gNg requires 10*94 per cent. 

Glycol o-cyanophenyl ether, CN'C5H4*0*CH2*CH2*0H, was ob- 
tained as a colourless oil boiling at 203°/ 19 mm. The p-nitro- 
knzoate separates from alcohol in almost colourless, minute, pris- 
matic crystals, melting at 108°: 

0*1913 gave 14*7 c.c. Ng (moist) at 16° and 766 mm. N = 9*03. 

CjeHjgOgNg requires N=8*98 per cent. 

Glycol m-cyanophenyl ether was crystallised by dissolving it in 
pure dry ether, and adding to the solution sufficient light petroleum 
to produce an opalescence. The glycol ether separated slowly in 
colourless, microscopic crystals, melting at 52 — 53° : 
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0’1467 gave 107 c,c. Ng (moist) at 12^ and 760 mm. N= 8 - 6 g 
CgHgOgN requires N = 8'69 per cent. 

Glycol ^'Cyanophenyl ether crystallises from benzene in 
needles, melting at 86 °: 

O' 1437 gave 10'6 c.c. N 2 (moist) at 12° and 750 mm. N=rg -54 
CgHgOjN requires N = 8'69 per cent. 

The mixture of isomeric propyhneglycol p~cyanophmyl ethett 
formed a yellow, viscous oil, which crystallis^, on long keeping 
in almost colourle^ needles melting between 46° and 67°: ^ 

0'2911 gave 2075 c.c. N 2 (moist) at 21 ° and 764 mm, N = 8'16 
C^oHjiGgN requires N = 7'91 per cent. 


Glycol cHiitropkenyl ether, N 02 'CgH 4 * 0 ‘CH 2 ‘CH 2 ‘ 0 H, was ob- 
tained as a yellow oil, which solidified after keeping fof some days. 
It was crystallised by dissolving in cold ethyl acetate and adding 
to the solution sufficient light petroleum to produce an opalescence, 
On introducing a crystal of the substance into the solution cooled 
in a freezing mixture, a rapid separation of the ether in small, but 
well-defined, transparent prisms took place. In bulk the crystals 
had a distinct, although pale, yellow colour; they melted at 
35—36°: 

0’1732 gave 11 '4 c.c. Ng (moist) at 15° and 766 mm. N=7'78. 

C 8 Hg 04 N requires N=7'65 per cent. 


Glycol m-nitrophe7iyl ether, in the crude state, formed cryetais 
with a very pale yellow tinge. It was recrystallised by dissolving 
in cold ethyl acetate and adding light petroleum to the solution, 
when almost colourless, prismatic crystals separated, melting at 
87—88°: 

0'0929 gave 6 0 c.c. Ng (moist) at 12'5° and 778 mm, N=7'81. 

C 8 H 9 O 4 N requires N=7'65 per cent. 

Glycol p-nitrophenyl ether was obtained in almost colourless 
crystals melting at 92 — 94°, but giving a turbid liquid, which did 
not become clear until about 100°. In spite of several re crystallisa- 
tions it was not found possible to obtain a specimen with a sharp 
melting point. The temperature of fusion of the crystals varied 
slightly according as benzene, alcohol, or ethyl acetate was employed 
as the solvent. The sample analysed had been crystallised by dis- 
solving in cold ethyl acetate and adding light petroleum. It formed 
almost colourless, prismatic needles, softening at 84° and melting at 
89—92° : 


0-1614 gave 10-4 c.c. N, (moist) at 11° and 757 mm. N-r- 66 . 

C 8 Hg 04 N requires N = 7'65 per cent. 

The mixture of propylene glycol p-nitrophenyl ethers formed a 
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jrown ^>ilj Iro® which one of the ieomerides slowly separated in 
jale yellow, transparent prisms. 

These were soluble in hot light petroleum, and on cooling a pale 
^ellow oil separated, which slowly crystallised in large, clear, amber 
jrisnis, melting at 65 — 68°. The crystals were pressed to remove 
idhering brown oil, and recrystallised from light petroleum, when 
•]jgy melted at 71® . 

0-2263 gave 14*15 c.c. Ng (moist) at 16° and 769 mm. N = 7‘38. 

C9H11O4N requires N = 7’ll per cent. 

The mixture of isomeric 'pro'pylene glycol m-dimethylamino'phenyl 
dhcrs formed a dark-coloured oil, showing signs of incipient crystal- 
iisatioii. An aqueous solution of the hydrogen oxalates of the 
ethers was evaporated under diminished pressure over sulphuric 
acid, and the residue was crystallised from alcohol. In this way 
the hydrogen oxalate of one of the isomerides was obtained in white 
crystals, melting at 133 — 134°: 

O' 1913 gave 8 ’35 c.c. Ng (moist) at 16° and 764 mm. N = 5*12. 

CjiHi 702N,C2H204 requires N-4’91 per cent. 

Chemical Department, 

Hartley University Oolleoe, 

Southampton, 


CXCVIl .— Osmotic Properties and Physical 
Constitution of Caoutchouc Solutions. 

By William Augustus Caspaki. 

The osmotic pressures exerted against a semi-permeable diaphragm 
by various colloids in aqueous solution have been frequently deter- 
mined, and the results in many cases have been of considerable 
interest The real significance, however, of the osmotic rise of a 
colloidal solution — assuming equilibrium to have been experiment- 
ally attained — is often a matter of some dubiety. Not only is the 
condition of such a solution liable to variation with age, tempera- 
ture, mode of preparation, and other factors, but additional com- 
plications, into which it is unnecessary here to enter, are introduced 
by the inevitable presence of small quantities of foreign electrolytes 
or by the partial ionisation of the colloid itself. When, as in the 
present experiments, the solvent is a non-ionising organic liquid, 
matters are simplified in so far as electrolytic complications may be 
disregarded. On the other hand, those colloidal solutions which, 
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like those of caoutchouc, are extremely viscid at concentrations of 
a few per cent., are clearly different^n their constitution from 
solutions of crystalloids and from the numerous colloidal solution 
• approximating in their habit to those of crystalloids, all of which 
have viscosities increasing only slightly more rapidly than the con 
centration until very high concentrations are reached. It cannot 
therefore, be surprising if solutions of the caoutchouc type sho^ 
peculiarities of their own when their osmotic pressure is measured 
by the direct method. 

Osmotic measurements are usually undertaken with the aim of 
ascertaining the molecular weight of the dissolved substance. Jt 
has been shown by Perrin {Gom'pt. rend,j 1908, 146 , 967; I 47 
591) that particles large enough to be microscopically visible obey 
when suspended or emulsified in a liquid, the osmotic laws of Raoult 
and van’t Eo£E in the same way as crystallised substances in mole- 
cuiar solution, and there is no reason to suppose that freely moving 
particles of dissolved substance in a colloidal sol behave otherwise, no 
matter whether the particles be large or small, liquid or solid, or 
whether the sol be transparent or opalescent, mobile or viscid. Pio. 
vided, therefore, that the colloidal particles be not too large to show 
any osmotic effect measurable by the ordinary methods, and that 
the osmotic phenomena be not too much blurred by the superimpoa- 
tion of effects not ascribable to osmotic pressure in the strict sense, 
conclusions may he legitimately drawn as to the mean size and 
mass of the particles. Even then the quantities so found corre- 
spond only with the particles actually existing in solution, which 
in the nature of things are much more likely to be highly associated 
than the mainly uni molecular particles of dissolved crystalloids. In 
other words, the deduction of molecular weight from osmotic data 
is least likely to be illusory when the colloidal solutions approach 
those of crystalloids in their general properties and when they 
follow the Baoulh van’t Hoff relation in regard to concentration 
and temperature-coefl&cient. 

As regards the measurement of osmotic quantities, the cryoscopic 
and ebullioscopic methods, although they have from time to time 
been applied to colloids, have usually failed to yield any precise 
information, partly because they are not delicate enough to cope 
with the very large molecules concerned, and partly because impuri- 
ties exert their full effect. By direct measurement of the pressure 
inside a semi-permeable septum, a higher delicacy is obtained 
(10 cm. of benzene correspond with O'OIS*^ of cryoscopic depression), 
whilst the latter source of error is largely obviated by the per- 
meability of the diaphragm to impurities of comparatively low 
molecular weight. With caoutchouc, the depression of freezing 
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'lit in benzene solution is so small (Gladstone and Hibbert, Phil. 

1889. W. 28, 38) as to be of little quantitative value. It 
iberelfore seemed not uninteresting to investigate the osmotic pres- 
-ure of caoutchouc solutions by the direct method. 

Experimental. 

The solvents employed were benzene and light petroleum (b. p. 
' 50 — 120 °). For a semi-permeable diaphragm it was found, after 
trials of various materials, that ordinary cylindrical 
cells of white porous earthenware served very well. 

These cells, when free from concealed flaws or iso- 
lated large pores, retained the more viscous caout- 
chouc solutions very successfully, whilst permitting a 
free passage of solvent; with thin solutions, however, 
their semi-permeability proved to be somewhat un- 
certain. Consequently it was found desirable to block 
the pores of the cells, in the manner described below, 
with cold-vulcanised caoutchouc, which is imperme- 
able towards dissolved caoutchouc and, in thin layers, 
tolerably permeable towards solvent. The dimen- 
sions of the cells were: height, 75 mm.; diameter, 

25 mm.; thickness of wall, 3 mm.; the capacity of 
the osmometer when fitted up was about 25 c.c. 

Three forms of osmometer, adapted to dilute, 
intermediate, and concentrated solutions, were used. 

The intermediate form (Fig. 1) had a short, wide 
glass tube of 10 mm. bore, closed by a well-ground 
stopper, cemented into the cell. The manometer- 
stalk, consisting of thick-walled tubing of about 
■1 mm. bore and 40 — 50 cm. length, was sealed in 
laterally. With this type of osmometer the charging 
of the cell was greatly facilitated, whilst leakage of 
solution past the stopper could be effectually pre- 
sented by smearing the latter with glucose-syrup and 
I clamping it down by means of springs. Owing to the 
I narrow bore of the manometer, a correction for u ,'i 
icapillarity (5 to 10 mm.) had to be subtracted from all 
readings. As thus constructed, the osmometer was not well suited to 
the reading of pressure-heads amounting to but a few cm. ; for very 
dilute solutions, therefore, a simpler form was adopted, having a 
straight glass stalk of 4 mm. bore and 20 cm. length, cemented 
directly into the cell. A disadvantage of this type was that small 
ffiovements of head in the stalk involved the inward or outward 
diffusion of somewhat large quantities of solvent ; it was accordingly 
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reserved for cases where the eventual position of the menisnis was 
approximately known at the outset. For concentrated. sohitio,n 
giving pressures, in terms of solution', of 50 cm. or more, mcrnirv 
osmometers w^ere used differing from the firshnamed type only 
in that tlie sliort lateral tuhulure was bent downwards and tliej. 
upwards, and carried a small reservoir in the shorter arm. 

In order to fix the glass parts into the cell, the lower end of the 
inserted tube was continued by a short piece not much iinriower 
than the bore of the cell itself, and trumpeted out so as t{> pasj 
in with a little friction. A stiff paste of powdered asbestos aiif] 
syrupy sodium silicate was worked into the interstitial space and 
slightly banked up on the outside. The cement was allowed to 
liarden for at least twenty-four hours, and the apparatus was tlien 
lieated for several hours in a drying oven. It was observed tkt 
the trustworthiness of the joint depended on keeping the aiiiuilar 
space between glass and cell as narrow as possible. 

The glass parts having been attached, the cells were filled with 
a 10 per cent, solution of deviscified caoutchouc in benzene and 
immersed in tlie same liquid, and were placed under diniinislied 
pressure. After the air included in the pores had thus been ex- 
tracted, the apparatus was left to itself under the ordinary pressure 
for some hours, so that the cells might be fully impregnated with, 
caoutchouc solution. Tiiey were then immersed, inside and oat iu 
a 3 per cent, solution of sulphur monocliloride in benzene, wherchv 
the caoutchouc taken xij) was vulcanised ; finally, they were wa.shed 
by repeated soaking in fresh benzene. 

The cells were held, by means of perforated ground-glass dish, 
iu ordinary gas cylinders containing the outer solvent. The 
cylinders were kept in a thermostat at 25°. Readings of tlie aiatio- 
metric columns were carried out in some cases by means of pajter 
scales gummed to the stalks, in others by the aid of a rigid, 
movable scale. Before beginning an experiment, the inner and 
outer liquids were brought to a temperature of 25° in order lo 
avoid thermometer effect,’^ tliat is, initial rise in the manojiieter 
cine to thermal expansion. With the stoppered osmometers this 
was easily effected by charging and fitting up the osmometer, with- 
out inserting tlie stopper, and keeping it in this condition for an 
hour in the theriuostat before securing the stopper in posilion. 

With osmometers having a capillary manometer, the rise of liquid 
in the latter became perceptible very soon after closure, and pm- 
ceeded, in general, at a rate of 2 — 3 cm. (of organic liquid) jier 
hour during the first few hours; the rate, as might be expected, 
varied not only with the solution, but also witli the particular 
osmometer employed. In the neighbourhood of equilibrium tbs 
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Jowed down to 1 — 2 cm, per day, or less. At this stage the 
^!qn('!ueter column, unless the cell were leaky or the solution losing 
-Iscohiy very rapidly, remained constant within a few mm. for 
aid then underwent a slow and steady fall corrcspond- 
iinr with the spontaneously decreasing viscosity of tlie solution. 

Before the connexion between viscosity and osmotic rise had 
l^ecoiiie apparent, this fall seemed to inrlicate leakiness of the cells. 
Genuine cases of leakiness, however, were readily detected by the 
•ihiiormally rapid fall in the manometric stalk when the osmometer 
was charged inside and out with ]mre solvent. Some forms of 
caoutchouc which lose viscosity in solution more rapidly than others 
were rejected ; with the pale plantation crape used for the present 
experiments, the rate of manometric fall due to this cause ranged 
lYotn I to 3 mm. per day. 

Pressure-equilibrium in the osmometers was frequently put to 
the test by lowering or raising the level of the liquid in the mano- 
meter. With capillary stalks, the original level was always restored 
to within a few mm. in the course of half a day, from either side. 
Witli wide stalks the return, as might be expected, was too slow 
to be complete within reasonable time. Traiispiralion of caout- 
chouc through the cell-walls was controlled from time to time by 
analvsis of the outer liquid. In no case (apart from demonstrably 
leaky cells) were more than 1‘5 grams of caoutcdinnc per litre found 
ill solution, which quantity may be considered negligible. More- 
over, no change in tlie manometric column was ever noted as the 
result of substituting fresh solvent for tlie outer liquid. 

Solutions of caoutchouc were prepared at tlie highest coneeiitra- 
tkm at which they were intended to be used, and a series of less 
concentrated solutions was made by fliluting tlie original one. 
Osniometric readings were taken as soon as possible after the mano- 
metric column had been observed to reacli equilibrium, and the 
actual concentration of the solution was then determined, as also 
its viscosity. The latter was determined at, 20*^ by the ca]hllary- 
flow method in an Ostwald viscometer; the same instrument was 
u>ed throughout, the times of etllux being for pure benzene seven- 
ioeii seconds and for pure light petroleum sjxtccn seconds. 

lable I. shows the osmotic rises and viscosities of a series of 
benzene solutions of deresiiiified plantation rubber, containing in 
.'‘Uspeitsioii nitrogenous and mineral matter to the extent of 3 per 
cent, of the rubber, and having only a slight opalescence. The 
figures under c represent grams of substance in 100 c.c. of solution, 
tne manometric column in millimetres as read off, the same 
calculated to atmospheres, V the viscometric time of efflux. 


0 z 2 



2144 \:ASPARI: tHE OSMOTIC PROPERTIES AND 
Table I 

{Fresh Caoutchouc^ Benzene,'^ 


c. 

H. . 

H'. 

V. 

6-26 

45 (mercury) 0-0592 

— 

3-59 

360 

0-0307 

— 

2-92 

251 

0-0214 

— 

2-10 

137 

0-0117 

3196' 

1-48 

77 

0-0066 

989 

1-01 

42 

0-0036 

374 


On comparing c with H, it will be seen that the osmotic rise 
increases far more rapidly than the concentration. The mannei in 
which the c — E curve turns upward has something in common wit]) 
the well-known trend of the curves connecting the viscosity of caoiit 
chouc solutions with their concentratiqn, and for this reason tlie 
one curve was always^ in the present experiments, compared wit]) 
the other. 

The parallelism between osmotic rise and viscosity was confirmed 
in other ways. Solutions of caoutchouc invariably undergo a slow 
rliminution of viscosity on keeping, which diminution can t? 
artificially hastened by heat or light. When a portion of the same 
solution as in table I had thus been partly deviscihed, the follow- 
iug figures were obtained. 


Table II. 

{Partly Be viscified Caoutchouc, Benzeve.) 


c. 

11. 

H'. 

V. 

4-15 

275 

0-0235 

77r 

3-37 

185 

0-0158 

402 

2-70 

136 

0-0116 

285 

2-17 

105 

0-0088 

213 

1-04 

42 

0-0036 

86 


Here it is seen that solutions of the same material and tlie 
same concentration vary in osmotic effect fari 'pas&u with llie 
viscosity, independently of the concentration. A further series of 
experiments was made with caoutchouc deviscified to an extreme 
point by boiling the solution for more than eighty hours, Tlie 
condition of the caoutchouc then isolated hy evaporation was that 
of a treacly and exceedingly adhesive ma^ almost destitute oi 
elasticity. Resinous oxidation-products were extracted by shahinj 
the solution repeatedly with 95 per cent, alcohol; nevertheless, 
owing to residual traces of such impurities, the osmotic rises at tsrsi 
went considerably beyond the eventual position of equilibrium, h 
order to allow for this, the column was lowered by the aid ui ^ 
capillary pipette after twenty-four hours' keeping, and the expen- 
ment thus started afresh. The results were as follows: 
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Table 


(Highly Deviscified Capi^Ildkibs ’ 

(j. H. V -TT 

q.QS 37 (mercury) ? ‘O'iHS? 'j 

ft.RQ 330 0-0282 ICO 

4.U 165 0^)111- m 

2.06 71 0-0060‘ ‘ ^ V JI5 

X graphic conspectus of all the results with benzfeia-solution is 

,iven in Figs- 2 and 3. 

Similar series of determinations with solutions of tlie same 


Fig, 2. 


Osmotic Tises in benzene. 



caoutchouc in light petroleun) gave th# -results tabulated below. 
These solutions were strongly^ bpsilescent, and^ showed, in concentra- 
tioQ8 of 1'5 per cent, and more, a much strongly marked 

ropiness, or elastic viscosity, ‘*than benzene solutions. This differ- 
ence evidently corresponds with the greater ease with which the 
pectous constituent of raw india-rubber (see J. Soc. Chem. Ind., 
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1913, 32 , 1041)^di^ei|§j||^^ in benzene than in paraffin ]iv,lj„ 
carbon^. , 




IV. 




TAghi PetroleMm.) 



U'. 

V. 

vs-:' 

3a4 " 

•246 

0-0282 

0-0176 

11330 * 

I’fa ; 

' 130 

0-0093 

960 

»»94 

51 

00036 

285 

0-50 

22 

0-0016 

102 


Fig . 3 . 


Fiscosilies in benzene. 



Light FeArolcum.) 


j, 

3-63 f 

^ £1 , 
r 0*0218 

564^ 

1 - 76 . '• 

0-0070 

138 

0 - 91 -'' 

0-0024 

60 
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Here again, the osmotic rise is largefy on the 

|,vdi-al condition of the solution, Son^fel^tion. With 

iolutions of about the same degref T 

^11(1 IV), the osmotic rises in benz^ | 5 ytiou 

are not very different. The curvll^for figjm^ttrolem^^ol^ions 
’re sivcn ill Figs. 4 and 5. J ’^Tv t i' J 

Filially, in order to demonstrate stlil (I^ry^]ft, 4 i^ttence 
of tlic physical condition of solutions, osmoitie^re u^ with 

solutions of the same material and conceutraticin gn atlief. side of 
the septum, differing only in viscosity. The deviscifie^- solutions 


Osmotic mes in light petrolruvi. 



Cm idcho\t9^^C(iat. 

constituted the outer liquid. Tf^j morq\^l^ous solutions, invariably 
showed an osmotic rise again^tll^ less-3^^(?^, ^ls is apparent from 
the following figures : ^ J ^**1 

Table 

Benzene: **^.*.*rlv<’'* 


bight petroleum : 


Rise. 

261 mm. 
150 




4-07 

2-00 


316 mm, 
112 
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It further to determine the osmotic rise of 

gutta-pe^aJfonI^<jis. , gutta-percha was freed from resj^ 

as fajj^a^q^ihlftJjjj.e^^^^^ctioR vith acetone, and from mecliaihcai 
impu^it^es ijjjfiU^atJon. ^ ^ke.-^Iution. Owing to the presence of 
residual traces of ^rei^ii^Hhe rises were in most of the experj. 

mentJ^j^iM^toaUy ^ghvibosaie procedure, therefore, was adopted 
as in ?lie 'tase, of ^lighly. d^iscified caoutchouc. The followi-itr 

Fig. 5. 


Viscosities in light petrokum. 



Caoiiichouc per cent. 

results were obtained with benzene as solvent. In column M the 
molecular weight, as calculated, by the vanT Hoff relation, is 
shown. 


' ^Table VII' 

* \Qut\a-*perchify^ Bf uzene.) 


c. 


V. 

M. 

6-03 

58(merctH^) *»0-0500 

2W 

29500 

304 

^279 0-023S 

81 

31100 

2-04 

171 ">0-hl4d 

45 

34000 

1-26 

•101 ' ■ 0-0036 

35 

35600 


It appears from thJ- above experiments that the osmotic rise of 
caoutchouc solutions against theij. solvent at a given temperature 
is hy no means purely a function 6t the concentration, but depends 
largely on the physical 'condition ;of the solutions. This phene- 
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nienoii is evidently connected with l,heir colloidal -nature, and may 
well, in a greater or less degree, be coinmoi^ to all colloidal solutions. 

jf tiie rises are regarded as due ^lely to osmotic pressure proper, 
the anomalous relations Ijetween osmotic rise and concentration can 
only down to variations in the^mean size of tlie molecule. 

The effects of co-volume and of intermolecular attraction cannot, at 
such low concentrations, account for c — H curves so strongly curved 
as those of tables I and IV. There must, then, in a given viscid 
sohilion of caoutchouc be a predominance of large, highly associated 
molecules at lowest concentrations, and a rapidly increasing dis- 
sociation as the concentration rises. Also, in a solution of given 
concentration, molecular association must increase as the viscosity 
decreases. These conclusions, however, are directly opposed to what 
is known of the general relations existing between concentration, 
molecular association, and viscosity. 

A more probable explanation would seem to lie in tlie colloidal 
characteristics of caoutchouc and the two-phase constitution of its 
solutions. There can hardly be any doubt that solutions of caout- 
chouc, like those of gelatin (see Garrett, Phil, May., 1903, [vi], 6, 
374), are composed of a sol-phase and a gel-pliase, the latter of 
which, aliliough uniformly dispersed in the former, lias sufficient 
cohesion of its own to impart a certain elasticity to the solution. 
The ropy habit of moderately dilute caoutchouc solutions affords 
prima facie evidence of a gel-phase. This hypothesis, then, sup- 
poses that caoutchouc solutions of hear 100 per cent, consist of 
little sol and much mechanically strong gel containing but Uttle 
solvent; that very dilute solutions consist of relatively more sol and 
relatively little gel, the latter weak and highly distended ; and that 
between the extremes there is a continuous gradation. Hence the 
viscosity, as measured by efflux, rises much more rapidly than the 
total concentration. At any given concentration there is a meta- 
stable equilibrium between the gel-phase and the sol-phase, the 
swelling tendencies of the former being counteracted by the true 
osyinotic pressure of the latter. Spontaneous or accelerated ageing 
tends to shift the equilibrium in favour of the sol-phase. 

Supposing, then, that a caoutchouc solution has part of its volume 
oreupied by sol and the remainder* by gel, the observed osmotic 
rises may be accounted for in two ways. Either, firstly, the gel- 
pliase is osmotically inoperative, and the rise depends solely on the 
concentration of the sol-phase. If that were so, it would follow 
tli-it as the total concentration rises the sol-phase becomes more 
concentrated than the gel-phase, and that as the viscosity of a 
given solution decreases the sol-phase becomes more dilute. Or, 
secondly, BO much of the gel-phase as is in contact with the 
^OL. cv. ’ 7 A* 
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diaphragm (corresponding with the ratio of gel-volume to sqJ. 
volume in the liquid) exerts simultaijeously a pressure of the same 
character as that which causes caoutchouc, gelatin, etc., to swell 
when immersed in solvents, the observed rise being then a composi^ 
one. One would then expect the pressure developed inside a semi- 
permeable diaphragm to reach many atmospheres as the solutioa 
approached 100 per cent. ; and, indeed, the pressures capable of 
being exerted by swelling colloids are well known to he of no 
magnitude. Which alternative is the more probable is not ea^ to 
decide in the present state of knowledge. 

To the question of the molecular weight of dissolved caoutchouc 
the osmotic rises give no very definite answer. The van’t Hoff 
relation can be applied only to the sol-phase, and postulates that 
the concentration of that phase be known; but with the dilutest 
solutions, in which the gel-phase may be assumed to have almost 
disappeared, the measurement of osmotic pressure becomes very 
uncertain. From the data in tables I — V, a convergence of the 
molecular-weight value towards 100,000 is indicated in benzene 
and light petroleum solutions. The molecular weight of gutta- 
percha in benzene solution appears to be considerably smaller, since 
40,000 is the limit towards which the values shown in table VII 
converge. 

Ukivehsity College, 

London. 
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Synthetic Preparation of Coal-gas. Lio Yignon {BuU. Soc, 
lAurti) 1914, [iv], 15, 601 604), A gaa similar to coal-gas can bs 
prepared from water-gas by fieatiog with lime and steam at 400 ° ; from 
t mixture of coke and lime in the presence of steam at 600—1000° in 
lawdance with the equation; 4C + 6 H 20 = 3 C 02 -h 4 H„ + CH, ; and 
rom coal and lime at 900 950°. The method of preparation from 
,oal yields 8 to 10 times the volume of gas obtainable by distillation, 
md converts most of the nitrogen of the coal into ammonia. The 
ras can also be prepared free from carbon monoxide, and non-toxic. 

A. J. W. 

Preparation of Hexatriacontane. A. OsKBaso (/. Russ. Phys. 
"'Mm. Soc.^ 1914, 46, 416 — 417 ). — HsxairiacontanSf was 

ibtained as a secondary product in the synthesis of nonadecoic acid 
rom octadecyl bromide and magnesium (compare this vol, i, 921) ; 
iCijHy^Br + Mg - + MgBr 2 . It forma large, white scales with a 

atiuy lustre, m. p, 76 5 , Dq 0*764, cannot be distilled without 
lecomposing, and has the normal molecular weight in boiling ethyl 
estate. 

Manufacture of Unsaturated Hydrocarbons. William Hbnbv 
‘ERKIN, Francis Euward Matthews, Edward Halford Strange, and 
lEm James Wheeler Bliss (Brit. Patent, 29988).— Doubly un- 
aturated hydrocarbons may be obtained by heating amino-alcohols 
?ith or passing them over catalysts such as phosphoric acid ■ for 

ximple, NHg'CHMe-GHg-CHa’OH - CHgiCH-CHICHg -f- NHg + H^O. 

'he admixture of a diluent, such as steam, with the vapour of the 
mioo-alcohol or the conduction of the process in a vacuum hinders 
jcondary decomposition of the product, and the action of a substance 
ke hydrogen chloride on the ami no -alcohol may be employed as an 
itermediate step. T H P 

Preparation of Trimethyletbylene [jS-Methyl-A^- butylene] 
nd of iiJoAcnyl Alcohols from ^-Methylbutane. Chemisghe 
abrik auf Aktien (vorm, K Schering) (Austrian Patent, 63819).— 
he iiiixture of four isoamyi chlorides, b. p. 85 — 105°, obtained by 
1 orinating ^-methylbutane, is treated with agents such as potassium 
Jetate or alkali hydroxides which remove hydrogen chloride, and the 
suiting /J-methyl-A^-butylene distilled. The products of this reaction 
Ay be separated by distillation into a fraction boiling at a low 
mperature and containing the ^-methyl-A^-butylene, and one boiling 
a higher temperature and containing the taoamyl alcohols or their 

T. H. P. 

^^ysical Constants of Isoprene. 0. Harries {Ber., 1914, 

, 1999—2003). — As there appears to be slight discrepancies between 
^ recorded physical constants of isoprene (compare Steimmig, this 
VOL, evil. i. 3 g 
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Tol, i, 560 ; Harries A., 1911, i, 798), the author has Bubmitted sanj, 
pies of isoprone from two different sources to careful fractionation with 
the exclusion of air, and from his examination of the products arrives 
at the values b. p. 33*76— 34-0°/762 mm, HI®’® 0*6867, < ® 1*42617 ag 
the most probable for this substance, B. h\ T. 

Action of Metal- Ammoniums on the Halogen Derivatives of 
Methane Hydrocarbons. Application to the Estimation of the 
Halogens in Organic Compounds, E. Chablav Chim.^ 1914 
Tixl 1, 469 — 519). — A r^sumd of work already published (compare A,' 
1905, i, 502 ; 1906, i, 130, 722; 1907, i, 53, ii, 195 ; 1911, i, 939 - 
1912, i, 3, 244, 528 ; 1913, i, 241, 438). \V. G, 

Investigation of the Grignard-Valeur Reaction for the 
Preparation of Glycols from Completely Substituted Ethyl 
Malonate and Organo-magneelum Iodides. A. Kalischet 
(J. Russ. Phys. Ghem. Soo., 1914, 46, 427— 453).--In spite of the 
i-tatements of Yaleur (A., 1901, i, 317 ; 1903, i, 416) and Dilthey 
and Last (A., 1904, i, 667), the author finds that not all esters of 
dibasic acids react completely with organo-magnesium compounds. 

The interaction of ethyl dimethylmalonate and magnesium methyl 
iodide and subsequent decomposition by means of water of the product 
obtained yield (1) principally ethyl j3-hydroxy-aa-^-trimethylbutyrate, 
OH'CMeg'CMeg'COgEt, which decomposes into ethyl wobutyrate asd 
acetone, and (2) ^YYh-tetrainethylpent<m6-^t-diolj 
OH-CMe^'CMe^-CMeg-OH, 

which forms feathery crystals, m. p. 75 — 76° b. p. 233*5 — 23i'57 
755 mm., and has the normal molecular weight in boiling ether. 
When heated with dilute sulphuric acid (1 : 10) or crystalline oxalic 
acid, the glycol yields jgy-dim ethyl- A^-butylene (tetramethylethylene), 
acetone, and water ; a similar decomposition takes place initially when 
the glycol is treated ( 1 ) with red phosphorus and bromine, which gUe 
^y-dibromo-^y-dimethylbutanef CM 62 Br*CMe 2 Br, m. p. 169 '5 — HO’S'’, 
or ( 2 ) with hydrobromic acid saturated at 0 °, which gives j^y-dibromo- 
/ 8 y-dimethylbutane and the liquid j 8 -bromo-jSy-dimethylbutane, 
CHMe^-CMegBr, 

treatment of the latter with cold water giving dimethylwopropyl- 
carbinol. According to Slavjanov (A., 1907, i, 578), the decomposi- 
tion of the glycol would be represented by the scheme : 

OH-CMes-OMeg-CMeg-OH^ 

OH-OMeg-OH ^ CHg-COMe -b HgO) -H 

CHMe2*CMe2*OH(-^ CMe2:CMe2-HH20). 
Since, however, no trace of the intermediate monohydric alcohol could 
be detected among the products of the action of either dilute sulphuric 
acid {1 : 10) or 5% acetic acid on the glycol, the author regards tbe 
course of the decomposition as : 

OH*CMe2*CMe2*CMe2*OH-^ 

CMej<®“®2>0 + HjO CMejICMe, + CHj-COMe. 

In order to determine the infiuence of different radicles in 
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pletoly subsUtuted malonic esters on the reactivity of the two carb* 
etboxy-groups, the foUowmg attempts to synthesise glycols have been 
carried out. 

Ethyl diethylm^onate and magnesium methyl iodide yield noelvcol 
but only ethyl p hy^oxy-p-methyl^-aa-diethylbutyTate, * 

OH-CMe,-CEt,-CO,Et, 

b.p 102-104°/8 mm 0’9696, 1-4450, and its decomposition pro- 

ducts acetone and ethyl a-ethyl butyrate, which, together with traces 
of jS-hydroxy-^-methyUa-diethylbutyric acid, are obtained on treatincr 
the bydroxy-ester with 10% barium hydroxide solution at the ordinary 
temperature. Thus, in this case only one of the two carbethoxy 
groups reacts with the magnesium methyl iodide. 

Similarly, ethyl dipropylmalonate and magnesium methyl iodide 
yield DO glycol, the product being ethyl |3-bydroxy-^-methyl-«ci-dipropyl- 
butyrate, which gives acetone and ethyl a-propyl valerate on hydrolysis 
Ethyl dimethylmalonate and magnesium ethyl iodide yield ethyl 
j8.hydroxy-aa-dimethyl-/3-ethylvalerate, which decomposes on distilla- 
lion under reduced pressure, and gives diethyl ketone and ethyl 
wobutyrate on hydrolysis. ^ 

Ethyl dimethylmalonate and magnesium propyl iodide give ethyl 
|!.li)droay-M-diraethyl-^-propylhexoate, which decomposes into di- 
mw®^**^* wobutyrate. The corresponding acid, 
OH’CPrg-CMeg’COgH, decomposes without melting at 175^ 

Ethyl dimethylmalonate and magnesium phenyl iodide yield ethyl 
^.hydroxy-^^-diphenyl-ac-dimethylpropionate, which decomposes info 
beazophenone and ethyl tsobutyrate, and diphenyl, the latter resulting 
from the action of magnesium on iodobenzene. ^ 

In order to ascertain how the second carbethoiy-group of a com- 
pletely substituted ethyl malonate behaves towards magnesium alkyl 
haloid after the first carbethojy-group has been already substituted a 
all ure of dipropyl ketone and ethyl a-bromoisobutyrate was treated 
mth zinc The resultant compound, ZuBr-0-CPr.-CMe,-CO,Et, was 
found to be unacted on by magnesium ethyl iodide, decomposition by 

Ith ^•''y‘i'-“*y-“-dimethyl-/3-propylheiioatef 

yields dipropyl ketone and ethyl wobutyrate on hydrolysis 

CE'EWO The reaction, 

bK K (bOjEtlj -I- 4Mgfiy, proceeds completely only when Ri, R2 and 

represent methyl groups. When one of these three methyl groups 
H replaced by another radicle, the second carbethoxy-group of tL 
a onio ester 1 om 8 Its power to react with the magnesium alkyl haloid, 
OM of ha ® t*"® 6®*®-- »f a hydroxy-acid. When 

wlf tol rs hydrogen, the hydroxy-acid retains its 

Iwfha ‘‘‘® skeleton; the 

M*red above afford a good method for obtaining symmetrical 

T. H. P. 

Pateii?^fi?w‘f? of Ethyl Sulphate. Leon Lilienfeld (Austrian 
»yl t’iilfnf f sulphate may be obtained in 83-90% yield 

; tilling sodium ethyl sulphate in a vacuum. T. H. P. 

8 $ 2 



abstracts or chemical papers 


i. 920 

Preparation of Aluminium Acetate Oompounda Soluble 
Water even after Evaporation. Kallr & Co. Aktien-Oeskli, 
scHAFT (D.R-P. 272516).— ‘When aluminium acetate solutions ate 
treated with hexamethylenetetramine, with or without addition of a 
compound such as glycerol, mannitol, citricj, lactic or tartaric acid, 
which increases the solubility of the aluminium acetate in water, 
evaporation of the liquids under diminished pressure results in the 
deposition of double compounds of hexamethylenetetramine and 
aluminium acetate. These double compounds are of more pleasant 
and less pronounced taste than aluminium acetate itself, and exhibit 
the therapeutic activity of the latter, together with the antiseptic 
action of the hexamethylenetetramine. T. H. P. 

Asymmetric Synthesis of l~ StUd d-a-Mothyl butyric Acids 
bv means of Asymmetric Induction. Emil Erlenmeyer [with F. 
Landsbergeb] {Biockem. Zeitsch.j 1914, 64, 366 — 381). — The author 
develops his conceptions as to relative asymmetry in the case of 
methylethylmalonic acid. Marckwald has shown that an optically 
active a-methylbutyric acid can be obtained by decomposing the acid 
brucine salt of this dibasic acid. It is supposed by the author that 
the symmetric form (I) can be converted into the asymmetric form (U). 

H^Me 


CO.H Ca3H!^jyCO,H 

Me 

( 1 .) _ ( 11 .) 

The two forms on heating will decompose at different rates ; and the 
formation of optically active a-methyl butyric acid is nob due in March- 
wald s experiments merely to the fact that the crystalline salt employed 
contained more of the one antipode of the acid brucine salt than of 
the other, as, according to the theory, two acid brucine salts of the 
acid should exist. Experiments lead to the conclusion that the forma- 
tion of the active a-methylbutyric acid is due to asymmetric iuduction. 
In the first place an active a-mebhylbutyric acid was obtained froni 
the acid brucine salt by adding the brucine (in theoretical qaantity, 
to an alcoholic solution of methylethylmalonic acid, and evaporating 
off the solvent entirely. Under such conditions, no separation o 
fractions of a brucine salt could take place. In the second place li 
was shown that i-a-methylbutyric acid could be obtained by heating 
methylethylmalonic acid with one equivalent oi d-tartaric acid 
and d-a-methylbutyric acid could be obtained in a corr^poEfliii| 
manner when i-tarfearic acid was employed. • 

Preparation of Hexamethylenetetramine Salts of Palmiti' 
and Stearic Acids. Philipp Eoder-Bruno Raabe A^tiengeseu 
SCHAFT and Arthur W6ber (Austrian Patent, 63822).— These sa 
prepared by heating the molten acid (1 mol.) with the ^ j, 

either solid or dissolved in water or aqueous^ alcohol, 
readily soluble in hot water, giving neutral solutions. 
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UtxavuihyleMt«trami7i4i sUaraU, O^Hj^N^Cj^Hg^-COaH, forms a 
g^blc, microcrystalline powder, decomposing at about liO'^ with 
liberation of formaldehyde and ammonia. 

fftxamthyUnfMramvM palmUaUy CgHjaUr^^CigHg^-COaH, forms a 
Btable, crystalline powder, decomposing at 130—140° with liberation 
of formaldehyde and ammonia. X. H. P, 


Preparation of A^-Nonadecenoic Acid. A. Oskabko (/. Russ. 
fhyt.Chem. *§!«;., 1914, 46, 411 — 416). — Ethyl stearate was reduced 
by means of sodium to octadecyl alcohol, which was converted by 
heating with hydrobromic acid into octadecyl bromide, the latter being 
treated with magnesiam and carbon dioxide to obtain nonadecoio acid, 
md this heated with bromine and red phosphorus to transform it into 
i-bromononadecoie acid. Removal of hydrogen bromide under the 
isflaence of diethylaniline resulted in the formation of A^-nonadecenoic 
icid. 

Octadecyl bromiagy CH3’[CH2]jg*CH2Br, crystallises from absolute 
ilcohol in silvery-white scales, m. p. 28-5° 
a-Bromononodecoic ocfrf, CH3'[CHJjg-CHBr-C02H, crystallises from 
light petroleum in yellowish, and from alcohol in snow-white, plates, 
m. p. 59-60° 

^^.Nonadmnoic acid^ CH3*[CE3]^5*CH;0H:'C02H, separates from 
ilcohol or light petroleum in drusy masses of small, white crystals, 
D. p. 51'5°. It decolorises alkaline permanganate solution, and in 
jhloroform solution rapidly combines with bromine in the cold, thus 
iiffering from A‘-oleic acid (compare Le Sueur, T., 1904, 85, 1708 * 
PoDzio, A., 1904, i, 548). 

a^Sydroxynonodecoic acid, CHg-rOH.l.g-CffiOHl'CO^H, forms white 
bflet?,m.p.83— 84°. T. H. P. ■ 

Naphthenic Acids of High Molecular Weight from Baku 
Petroleum. Ewald Pyhala {Zeitsch. angew. Chem.y 1914, 27, 407). 
— B\ treatment of the alkaline machine oil residues from Baku petro- 
leum with sulphuric acid, and subsequent purification of the precipitated 
)il by extraction with alcoholic potassium hydroxide and by distilla- 
JoD, a colourless, viscid oil, consisting of a mixture of naphthenic acids, 
Has obtained. It possessed the following physical constants : Djj® 
1'94?0, acid value 1687, iodine value 2-54. By fractional distilla- 
tion 13% was obtained boiling at 310—320°, and 63% at about 340°. 
the lower fraction had an acid number 180*4, corresponding with a 
lolecular weight of 310, and is therefore regarded as an eicosenoic 
««, an assumption in accord with the composition of 

Mwrsalt. The higher fraction, D‘f, 0*9400, had a acid number 
corresponding with a molecular weight of 380. The analysis of 
and barium salts showed it to be eicosipentacosenoic acid 

Mirror Image Isomerism with Rhodium Compounds. 11. 

• WEflSBB [with J. Poupardin] 1914, 47, 1954—1960).— 
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The rhodium oxalates of the formula [Rh(C204)8]M8 should give optical 
isomerides, in accordance with the configurations: 


n ^ 

/ I /I 


/ 


CA 


1 ^ 0 . 

I \ 


The resolution of the potassium salt, [Hh(CgO4)g]K3,4jH:20, wag 
readily accomplished by means of strychnine nitrate. Fractiocal 
crystallisation gave the ^strychnine salt as the least soluble fractioi, 
the ^salt being much more readily soluble. From the strychnine salts 
the potassium, sodium, rubidium, and barium salts were obtainei by 
double decomposition with the respective iodides. 

The rotatory power of the rhodium oxalates is less than that of the 
corresponding chromium oxalates, but whereas the latter undergo 
racemisation very readily in aqueous solution, the former are quite 
stable ; their aqueous solutions can be warmed on the water-bath 
without appreciable change. The rotation- dispersion of the rhodium 
salts is very marked, the direction of rotation undergoing a change at 
the Z)-line, as shown by the following figures for the potassium salt, 
[a]c -26'4^ [a], 0^ [a], +114-4° 

It is noteworthy that ail the metal oxalates which have been 
obtained as optically active isomerides, namely, those of chromium, 
rhodium and cobalt, show abnormal dispersion. 

The active rhodium salts crystallise in well-developed, garnet-red 
crystals, which are more readily soluble than the racemic salts. The 
potassium salts can crystallise out together from the solution of the 
racemate and the isomerides be separated mechanically ; the eryistah 
show hemihedral faces and belong to the triclinic system. Tbis is 
the first case of the resolution of inorganic compounds by sponUoeous 
crystallisation. 

SlTychnint d^^rhodium oxalaiz^ [Rh(C204)g]Hg,Sbry8,2H50, in a O'!'’,! 
solution has Ur -30°, [MJ? - 421-74°, [a]^* -25° [Mf -35145’, 
M+U-5°, TO +203-8° M +102-3°, [M]i® +U38-P, The 

cotreaponding 1-saii, [Rh(C204)Jbf3,Stry3,9H20, has [a][f -40^, [M];. 

-346-4°, [a]^« -165°, TO -1429°, [a]^ -75° TO 

The d- and l-potassium rhodium oxalaU^ K3y,H20, where 
Y = Rb (0004)3, give well-developed, red, prismatic crystals. The 
, former has [a]l? -26-4°, -132-53°. [aji +114'4°, [M| 

+ 574-28°, and the latter, [af +30°, TO +1^^° 

[M]e -622°, both in 0*5% solution. The d- and l-sodium rhodm 
oxalates, Na8Y,4H20, have [a]^« -30°, TO '152°, and [a][? +28;, 
[M]e H- 142° both in 0*5% solution ; they form orange-red, hygroscopic 
crystals. The d- and \-ruhidium rhodium oxalates, 
garnet-red, tetrahedral crystals, having respectively [a]c 
[M]? +192°, in 0-5% solution. The d- and l-barium m 

BagYjjS or 2H2O, crystallise in efSorescent, red needles, and navfl 
[0];^® + 24°, [M]L? + 275°, in 0-5% solution. One gram of the anbydroas 
salt is soluble in 246 c.c. of water at 18°. 
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Variable Affinity of the Subsidiary Valencies of Tin. 
p PfBiFFEB and 0. Halperin {ZiiUck. arujrg. CAew., 1914 87 
335 - 352 ).-*StBnmc chloride has the greatest power of foming 
^ditive com^undB of all the tin haloids as it combines with esters of 
carboxylic acids, in ^dition to ethers and similar compounds. The 
aerivatives of stannic bromide are less stable, and it does not form 
solid compounds with all the eaters examined. Stannic iodide and tin 
alkyl haloids have much less power of forming additive compounds, 
phenyl baying a still greater effect than alkyl. The derivatives of 
(jicar boxy lie esters must be formulated as cyclic compounds. 

Di-tthyl carhomU iin teiraekloride, SnOI^,2CO(OEt)j, forms highly 
hygroscopic, colourless leaflets, decomposed by water. The ethyl 
viaionate compound, has m. p. 115—117°, and a 

compound with 2 mols. of the ester has not been obtained. The 
compounds with methyl succinate, SnCl 4 ,CgH/C 02 Me) 2 , and ethyl 
tweinate, SnCl^,C2H^(C02Et)2, melt at 138° and 95° respectively. 
Ethyl gluiarate forms a compound SnCl^,CH 2 (CH 2 * 003 EtL and 
ttkyl phthalate a compound, Sn 01 ^,CgH 4 (C 02 Et) 2 . 

Diethyl cinnmiate tin tetmbromide, SnBr 4 , 2 CHPh:CH 2 -C 03 Et, bus 
Dfl, p. 70—72 ; the compounds with ethyl carbonate, ethyl malonate 
(m.p. 63— 65°), and ethyl succinate contain 2 mols. of the eater, and are 
very unstable. Acetonitrile tin tetrabromide, SnBr4,2MeCN', decomposes 
readily at the ordinary temperature. Ether and many dicarboxylic 
esters fail to form compounds. Tin, tetraiodide crystallises unchanged 
from the esters, and also from ether and acetonitrile. 

The alkyl derivatives combine in very few cases. The only 
compound obtained is : Ethyl cinnamate tin methyl chloride, 

SnMeCl8,CHPh:0H*C0„Et, 

m.p. 50-55“ C.H.D. 

Trimethyleneglutario [cm-Ethyleneglutaric Acid]. B. K. 
Mereshkovski (/. Russ. Phys. Chem. Soe., 1914, 46, 517— 526).— The 
author has repeated the work of Fecht (A.,, 1907, i, 906), who 
regarded (1) the acid, described as aa-ethyleneglutaric acid, obtained by 
hydrolysis of the nitrile formed from the dibromide of vinyltrimethylene 
as identical with (2) that prepared from ethyl glutaconate, ethylene di- 
bromide and sodium ethoxide in alcholic solution and drew the conclusion 
that vinyltrimethylene is actually sjjiropentane. Fecht, however, mis- 
calculated the results of his analyses, his weighings showing that 
acid (1) contains 55*57% C and 6*63% H and not 53'05% C and 6*56% H, 
and acid (2) 52*78% C and 6*29% H and not 52*98% C and 6*26% H. 

Further, an acid of the structure ^y^>C(C02H)-CH;CH-C02H 

should give, when^ oxidised with alkaline permanganate, oxalic and 
cycfopropane-1 : l-dicarboxylic acids, whereas the author obtains oxalic, 
oymic, ethanetricarhoxylic (ear boxy succinic), and hexanedicarboxylic 
icids, together with a number of other products, but no c^efopropane- 
icarboxylic acid. A more probable scheme for the condensation of 
L / sojlioglutaconate and ethylene bromide and for subsequent 
ydrolysia and oxidation of the resultant product is as follows; 
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C02Et-CH:CH-CH2-C02Et(Na,0jH4B^) ^ 

CO2Et‘CH:CH-CH(COgEt)-0H2-CH2‘CH(CO2Et)-CH:CH*C0 Et 
2C02H‘C02H + CH(C02H)2-GH2-CH2-CH{cdH) 


)2Et[Ba(OH), 

:cBr-cH(co; 


CH(C03H)-CH2*CH3-0H-> 
CO^H-COgH + CH(C02H)2-CH2‘CO,H 
In the preparation of the ester of dicarboxysodioglufcaconic acjj 
from ethyl sodiomalonate and chloroform according to the equation 
40HNa(C02Et)2 + CHCI 3 « C(C 02 Et) 2 :CNa-CH(C 03 Et )2 + 3NaCl f 
2CH2(002Et)j, yields of 86, 152, and 176 grams were obtained instead 
of the theoretical quantities, 70*4, 131 and 141'6 grams, whereas tie 
ethyl malonate also formed amounted to only 20% instead of 50°/ of 
the original quantity. It seems probable that further condensatioa 
occurs between the tetracarboxylic ester and the malonic esters. 

The conclusion is drawn that the acid examined by Fecht was not 
oa-ethyleneglutaric acid, but a complex mixture of condensation 
products. T, H. P. 


Preparation of an Acid Calcium Lactate. Chemische 
Werke vorm. Heinrich Byk (D.R.-P. 271643). — A calcium hydrogen 
lactate containing three lactic acid residues per atom of calcium may 
be obtained (1) by treating the ordinary acid salt composed of 1 mol of 
calcium lactate and 1 mol. of lactic acid with a solvent, such as cold 
alcohol, for lactic acid, or (2) by evaporating calcium oxide, hydroxide 
carbonate or lactate with sufficient or more than sufficient lactic acid 
to give 3 mole, of the acid per atom of calcium, any excess of acid 
being subsequently removed by means of a solvent. The salt is 
readily soluble in water, and its free lactic acid is more stably held 
than the second molecule of acid in the ordinary acid lactate. 

T. H. P. 

The Configuration of the Glyceric and Lactic Acids, 
Karl Freudenbeeg {Ber., 1914, 47, 2027 — 2037). —The configura- 
tion of c? -tartaric acid as derived from that of dextrose (Fischer, A., 
1896, i, 525) should also decide that of the malic acids, for the re- 
duction of e^-tartaric acid gives rf-malic acid, although in poor yield. 
On treatment with barium hydroxide solution at j 60°, the amide of 
Z-malic acid is hydrolysed to Z-malamic acid, ( 

COgH*CH(OH)*CHg-CO*NH2, \ 

which is smoothly converted by barium hydroxide solution and 
bromine into Z-isoserine, C02H*CH{0H)-CH2*NH2. This substance, 
under the action of nitrous acid, gives d-glyceri^ acid (compare 
Fischer and Jacobs, A., 1907, i, 393), the yield tieing 22% of the 
theoretical. When treated in hydrobromic acid somtion with nitric 
acid and bromine, Z-woserine undergoes conversion intjo d-/3-bromolactic 
acid, m. p. 80'’, [a]’o-i-2-0P (in aqueous solution), w’hich can also he 
obtained by resolution of tbo synthetic racemic aciil with morphine. 
Keduction with sodium amalgam and dilute sulphurid acid at 15 — 20^ 
converts d-bromolaetic acid into cZ-lactic acid (zinc SMt, [a]^- 7‘44° in 
water). < 
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From these resalts the following structures are deduced, taking 
(i-tiirtaric acid as standard : 

COjH ^OjH (;!0,H COjH CO,H 

H'C'OH 0H‘C-H OH-C-H OH-C-H 

OH’C’H CHj CHj-NH, CH^-OH CHj 

(!!OjH COjH 

d-Tartaric acid. 7-Malic acid. I-wc^erine. d-Glyceric acid. d-Lactic acid, 

These (wnfigurations agree with those indicated by the action of 
fflctwsufn on the various racemic acids (Mackenzie and 
Harden, T., 1903, 83, 424 ; compare, however, Neuberg and Silber- 
maDD, A., 1907, i, 408). O. F. T. 

Behaviour of Crotonio Acid in Ultra-violet Light. I. 
R. Stoehmeb and H. Stockmann {Ber,, 1914, 47, 1786— 1793).— The 
only exceptions which Stoermer has yet encountered, to the rule that 
the simple ethylenic acids are transformed into labile varieties under 
the influence of uItra>violet light, are crotonic and mesaconic acids, 
The former acid has again been examined but with no better result, 
i;phich is remarkable, since the amide is transformed into isocroton- 
amide to an unusually great extent. When crotonic acid is illuminated 
in other than indifferent solvents, however, addition of the medium 
takes place, according to the common rule that the active hydrogen 
atom enters the a-position, and the remaining radicle, the )3-position. 

Oce of the difficulties in deciding whether crotonic acid is trans- 
formed into isocrotonic acid at all, is to separate a trace of the labile 
acid from the unchanged material. The few methods which have been 
proposed have been tried and found to be unsatisfactory. In one case, 
the product, after illuminating 100 grams of crotonic acid in benzene 
solution before a Uviol lamp for five weeks, was converted into the 
sodium salt, only 1’2 grams of which dissolved readily in absolute 
alcohol. The dry salt was suspended in ether, treated with thionyl 
chloride, and then with aniline, but it was impossible to isolate an 
acilide with the m, p. of pure isocrotonanilide. 

The amides have now been prepared in a pure state, and these differ 
sufficiently in solubility. An ethereal solution of crotonyl chloride, 
prepared as above, was strongly cooled and slowly added to liquid 
aminonia, and the dry residue left on evaporation was reerystalUsed 
from acetone. Crotmamide, CHMeiCH-CO'NHa, forms glistening, 
white needles, m. p. 169*5 — 160°, which are more soluble in water 
than in organic media. The amide was dissolved in acetone, and 
exposed to the Uviol lamp for three weeks, when the residue was 
extracted with hot benzene. The unchanged amide crystallised at 
cnce and was filtered, when isocrotonamide separated in slender leaflets, 

p. 102°, the transformation having taken place to the extent of 
11 ' 6 %. 

An aqueous solution of sodium croton ate was illuminated for six 
extracted with alcohol. A yield of 
- % of sodium ^-hydroxy butyrate was obtained from the extract. 

80 crotonic acid does not so readily combine with water, the yield of 
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/S-hydroxybutyric acid being only 10%. The insolubility of sodiu^^ 
crotonate was also made use of in separating the products obtained in 
methyl or ethyl alcohol. Slightly less than a 10% yield of j8-methoiy. 
butyric acid, b. p. 117—118720 mm., 212— 2147atm., was obtained 
in the one case, and a 6*8% yield of ^-ethoxybutyric acid, b. p. 1130 , 
14 mm., in the other. J. C. W. 

Does Osmium Dioxide Act as a Catalyst in Hardening Pats? 
W. Noemann and F. Schick {Arch. PAarm., 1914, 252, 208—210).^ 
When osmium tetroxide (which is a non-conductor) is heated with oleic 
acid, the undissolved residue, after being freed from the blackened oil 
and washed with petroleum, is a good conductor of electricity. The 
tetroxide under these conditions, therefore, is not converted intg 
osmium dioxide, as Lehmann states (A., 1913, ii, 331), but is reduced 
to the metal In this case, therefore, as also in those of the oxides of 
copper and nickel (Meigen and Bartels, this vol, i, 482), the catalyst in 
the hydrogenation of fata is the metal, not the oxide. C. 8. 

Determination of the Constitution of Enols. Johannes 
Scheiber and Paul Hekold {Annaienj 1914, 405, 295 — 346).— 
According to Claisen^s rule a substance containing the group 

R*CO*6h*COR' enolises to OH*CRIC*COR' if “COR is the more 
negative acyl group, for example, benzoylacetone enolises to 
OH'CMelOHBz. 

His titration method leads Meyer to the opposite opinion, the enol 
having the formula CHAclCPh*OH, since the enoliaation tendency of 
the benzoyl group is greater than that of the acetyl (A., 1912, i, 940). 
The authors have made a comprehensive survey of the numoroTis 
physical and chemical methods which have been employed to determine 
the constitution of enols, and are of opinion that a generally applicable 
process has not yet been brought forward. They have applied the 
ozonide method to the solution of the problem (A., 1913, i, 490) and 
claim for it the following advantages. Enols rapidly unite additively 
with ozone at - 20°, therefore under conditions which prevent or 
render improbable any transformation of the primarily existent complex 
into a more reactive form. Desmotropic ketonic modifications do not 
react with ozone, whilst the corresponding enols do. Keto-ecolic 
transformations are not catalytically influenced by ozone, because 
partly enolised substances are only partly converted into ozonides. 

The method of working is as follows. A solution of 1 — 2 grains of 
the substance in dry chloroform or carbon tetrachloride is cooled to 
— 20^ with careful exclusion of moisture, and is then treated wit 
6 — 8% unwashed ozone until a persistent odour of the latter is observed, 
The time required may be only a few moments, but usually two to 
three hours is sufficient. The solvent is removed by a current of dry 
air at 0°, and the residue is treated with water at the ordinary 
temperature. The decomposition of the ozonide proceeds vigorous y, 
but not explosively. The fission products are always kept in contac 
with the water overnight before being examined. 

Ethyl malonate is quite stable to ozone, and does not yield a trace 
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of carbon dioxide or of ethyl glyoxalate ; its formula, therefore, is 
^Hj(COjEt) 2 , a result in agreement with that of Meyer's volumetric 


process. ^ 

Ev^en after many hours treatment, ethyl acetoacetate yields only a 
gmall quantity of an ozonide, the decomposition products of which 
contain acetic acid and ethyl glyoiylate (loe. cii.), but not carbon 
dioxide, methylglyoxal, or alcohol. The enol present in ethyl aceto^ 
acetate in small amount has, therefore, the formula 
OH-CMelCH-COgEt, 

not CH 3 *CO*CHIC(OH)*OEt (compare Bielechi and Henri, this vol., 


Ethyl oxalacetate is easily and completely converted into an ozonide, 
the decomposition products of which contain oxalic acid, ethyl 
glyoxylate (identified as the phenylbydrazone, m. p. 128°), and a small 
quantity of carbon dioxide. The predominating enol, therefore, has 
the formula CO 2 Et*C(OH)ICH*C 02 Et, a small amount of 
, CO.2Et’0O-0H:C(OH)-OEt 

also being present (compare Meyer, loc. cit). 

Ethyl ben zoy lace tate is only partly converted into an ozonide the 
decomposition of which yields benzoic acid and ethyl glyoxylate, but 
not carbon dioxide. The enol, therefore, is OH-CPhlCH-COjEt, 
Acetylaceton© is incompletely but easily ozonised. The decomposi- 
tion products contain methylglyoxal (osazone, m. p, 146°) and carbon 
dioxide. The enolised portion of the diketone is, therefore, partly the 
enol, CM:e(OH):GH-COMe, and partly the dienol,CMe(OH):G:CiMe-OH 


The results previously recorded in connexion with benzoylacetone 
[he. cit.) require correction. The ozonide is obtained quantitatively, 
and gives by its decomposition an almost quantitative yield of benzoic 
acid, methylglyoxal (the directly precipitated osazone has m.' p. 
135—140° instead of 146°, and therefore contains an impurity, 
probably phenylglyoxalosazone), and carbon dioxide. Ben zoy bice tone 
exists in solution, therefore, mainly as the enol OH’CPhICH’COMe ; the 
other enol, OH-CMelGH’COPh, and the dienol, OH-GPhX'iCMe-OH, 
are also present in small amount. 

Oxalacetone exists in solution mainly as the enol 

C02Et-G(0H):CH-C0Me 

and to a small extent as the enol OH-CMelGH-CO'COgEt {loc. cit.)] 
in addition, a considerable amount of the dienol must be present 
because the decomposition of the ozonide yields a considerable quantity 
of carbon dioxide, and,' moreover, Meyer’s volumetric process gives 
results indicating far more than 100% of enol. 

Oxalacetophenone exhibits remarkable behaviour. It is only 
slightly attacked by ozone even although Meyer’s method shows the 
presence of at least 100% of enol. The decomposition products of the 
Ozonide are benzoic and oxalic acids, phenylglyoxal and ethyl glyoxyl- 
formate (both identified as the osazones), and carbon dioxide. The 
first four of these products are those which would be expected from 
Ibe decomposition of the two ends COgEt'CO’CHlCPh'OH and 
C02Et*C(OH)iOH'COPh. Oxalacetophenone, however, cannot con* 
8ist of these two ends because there is no reason why they should not 
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form ozonides, The production of carbon dioxide during tbe dec 
position of the ozonide indicates that a dienol is present, but a sat^ 
factory explanation of the behaviour of oxaloacetophenone caonot vt 
be given. Dibenzoyl methane is another substance which ig scarii 
attacked by ozone at 0°, although the volumetric method indicates th^ 
presence of about 100% of enol. 

The ketonic modification, m. p. 108 — 110° of dibenzoylacety I methane 
is unattacked by ozone, but the enol, m. p. 80 — 85°, yields a yellow 
ozonide by the decomposition of which are produced benzoic acid and 
the hydrate, m. p. 55 — 60°, of phenyl methyl triketooe (identified ae 
the semicarbazone, m. p. 190°, and phenylhydrazone, m. p. 1650 ^ 
The formation of these two substances indicates that the enol of 
dibenzoylacetylmethane is mainly OH’CPhIC(COMe)*COPh, but the 
presence of a small amount of the other enol, OH*CMe!C(COPb) 
possible even although acetic'acid and diphenyl triketone could nol be 
detected among the products of decomposition of the ozonide. 

The presence of carbon dioxide amongst tbe decompositioq^ products 
of the ozonides of diacylm ethanes indicates the presence of accumulated 
double linkings, that is, of dienols : 

>c:c:c<-^>co + cOg + 

The estimation of carbon dioxide produced by the decomposition of au 
ozonide is not easy, but a gravimetric apparatus is described which 
gives quite satisfactory results, the absorption vessel gaining only about 
2 mg. in weight when the ozonide of a substance which cannot 
contain accumulated double linkings is decomposed. The following 
generalisations are deduced from the amounts of carbon dioxide pro- 
duced during the decomposition of the ozonides of the substances 
mentioned above. The groups ‘COgEt, *COMe, ‘COPb, and ’C0‘C02Et 
tend to enolise in the order given ; the carbethoxy has little or no 
tendency, whilst ■CO’COgEt has a very great tendency. A group 
which has little tendency to enolise may be induced to do so by the 
presence of a pronouncedly enolisible group ; thus, ethyl acetoacetate 
does not form any dienol, whereas ethyl oxalacetate does to a slight 
extent, the carbethoxy -group enolisiug in the presence of the ’CO-COjEfc 
group. 

The a-, jS-, and y-modifications of ethyl formylphenylacetate 
(Wislicenus, A., 1912, i, 623) each form an ozonide by the decomposi* 
tion of which are produced formic acid and ethyl phenylglyoxylate 
(identified as the phenylhydrazone), together with a little carbon 
dioxide, formed, probably, by the ozonisation of performic acid (d’Ans and 
Frey, A., 1912, j, 601). The enol in the a-ester and tbe y-ester, there- 
fore, are stereoisomeric oxymethylenes, not structural isomerides as 
Wislicenus is inclined to believe (loc. cit. j compare also Meyer, A,, 
1912, i, 861). 

The authors have also examined the enolic modifications of ethyl 
diacetylsuccinate (Knoir, A., 1899, i, 673). The ag-^ster, m. p- 
31 — 32°, does not form an ozonide. The aj-ester yields an ozonide the 
decomposition products of which are oxalic acid, ethyl diketo butyrate, 
and probably formaldehyde. The o^-eater (prepared from the di-sodio- 
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derivative) forma an ozonide which yields oxalic and acetic adds, 
formaldehyde, and ethyl diketobutyrate, but not ethyl diketosuccinate. 
The authors interpret these results to denote that (i) the ag<ester is 
ketonic, not enolic ; they show that it does not react with alcoholic 
hromioe (ii) the^ aj^-ester is a mixture of an enolic and a ketonic 
(probably 03 ) modification. Meyer’s volumetric method indicates that 
there is also present an enol which does not react with bromine, bub 
does form an ozonide ; (iii) the a^-ester is also a mixture of an enolic 
and a ketonic modification, C, 

Syntheses by means of Mixed Organo-metallic Derivatives 
of Zinc. y-Ohloroketones and Corresponding Products of 
Hydrolysis. Henei Wohlgemuth {Compt. rend., 1914, 159, 
80—82). — y-Halogenated ketones can be readily prepared by the action 
of zinc alkyl apd aryl iodides on y-halo^enated acid chlorides : 

.CHX-CHj'OHj-COOl + I*Zn* R = I-Zn-01 + •CHX'CH^-CHa-CO-R. 

A number of such ketones have been prepared from y-chlorobulyryl 
chloride, ychloro-n-valeryl chloride and y-bromo-n-valeryl chloride. 
The condensation of these acid chlorides with zinc ethyl iodide at 0° 
only gives a small yield of the required ketone, the main products 
being tarry, resulting from a more advanced condensation, amongst 
which esters of tertiary y-chloro-alcohols have been isolated. 
The author has prepared b^ohloro-aa-diethylbutyl y-chlorohutyrate, 
CHjCl-CHg-OHa'CEtg’O-OO'CHg-CHa-OHgCi, b. p. 172 — 174717 mm. 
Good yields of the required ketones are, however, obtained by effecting 
the condensation at - 15^ to -20°, and the following compounds are 
described: ethyl y-chloro-n-butyl ketone, b. p. 79713 mm., giving a 
semicarbazone, m. p. 129 — 129 "5°^ ethyl y-ckloropropyl ketone, b. p. 
80 — 80’5717 mm., giving a semicarhazone, m. p. 118°, and a 
^■miroplienylhydrazone, m. p. 106—107°; ethyl y-bromo-n-huiyl ketone, 
K p. 88— 89°/ll mm., giving a semicarhazone, m. p. 142° (decomp.); 

y-chloro-n'lutyl ketone, b. p. 155 — 156715 mm., giving a semi- 
carbazone, m. p. 123°; and ^-tolyl y-ehloropropyl ketone, white leaflets, 
m. p. 33‘5°, giving a semicarhazone, m. p. 186°. 

These y-chloro- acyclic ketones are easily hydrolysed by boiling with 
water, giving the corresponding y-h yd roxy ketones which readily 
undergo dehydration, giving a- and ^-dihydrofuran derivatives, these 
latter being obtained by distilling the y-hydroxyketones under 
atmospheric pressure. Thus ethyl y’hydroxy-n-butyl ketone, a colourless, 
oily liquid, b. p. 86*5°/ll mm., gives an anhydride, b, p. 122 — 123°, a 
iimicarbazone, m. p. 91°, and a, phenyluretkane, m. p. 79°. 

Ethyl y-hydroxypropyl ketone, b. p. 115— 116°/21 mm., gives an 
O'^hydride, b. p. 109 — 110°, and a phenyluretkane, m. p. 84°. 

On reduction, with sodium amalgam the ^-hydroxyketones readily 
yield the corresponding y-glycols, colourless oils, which, on boiling with 
aqueous sulphuric acid, yield quantitatively alkyltetrahydrofurans. 

U3 hexane-a8-diol, b. p. 134 — 13571 8 ‘5 mm., yields a diacetate, 
^ Diobile liquid, b. p. 122°/14 mm,, a diphenylurethane, m. p. 82°, and 
l ^^lktrahydrofuran, b. p. 107 — 1087770 mm. 

^ytaner^t-dicl^ b. p. 132°/ 18 '4 mm., yields a diphenylurethane, 
H7° and 2-methyl-5-ethylt6trahydro/uran, b. p. 117—118° 
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Methyl y-hydroxypropyl ketone reacts in the cold in alcohol 
phenylhydrazine to give a cyclic compound (compare Lipp,A., 1889 843\ 
and its oxime at 100° loses water and gives a cyclic comoonnJ 
(compare Marshall and Peikin, T., 1891, 59 , 880), ^ 

Ethyl y-hydroxy-n-butyl ketone, on the other hand, yields a norma] 
pUmylkydrazom^ an oil, and an oxime, a colourless oil, b 
149 — 150713 mm., without change. The y-chloro-ketones, however 
readily yield cyclic compounds. W. G * 

Plant Colloids. IV. Displacement of the Phosphorus 
Content by Changes of Condition and the Diastatic Decom. 
position of Starch. Max Samkc {KoU. Ckem. Beihe/te, 19U 6 
23—54. Compare A., 1913, i, 17, 1165). — By the action of 0'l25y! 
potassium hydroxide on a starch suspension, it has been found possible 
to separate the starch into two fractions, one of which contains 
phosphoric acid, whilst the other is practically free. The producta 
were purified by prolonged dialysis, and as a result, 38 grams of 
phosphorus-free amylose and 49 grams of amylopectin were obtained. 
The aqueous solutions of amylose are non-conducting, and their viscosity 
is not affected by the addition of acid or alkali. The readiness with 
which the amylose is coagulated by alcohol is, however, as in the case 
of the original starch, increased by acids and diminished by alkalis. 
These observations show clearly that the physico-chemical properties of 
starch solutions are to a considerable extent determined by the 
phosphorus content. 

Since it is probable that the high viscosity of starch solutions is 
determined by the amylopectin, and since this is decomposed by the 
action of diastase, it was to be expected that diastatic decomposition 
of starch would lead to the liberation of the inorganic substance. 
The experiments which have been made in this connexion confirm this 
view, for it has been found that dextrins containing phosphorus are 
formed in the action of diastase on starch and that these compounds 
exhibit the properties of electronegative colloids. By the action of 
boiling water, phosphoric acid is set free from the products of the 
diastatic action. H. M, D, 

The Action of Ultra-violet Hays on Leevulose. The Form- 
ation of Formaldehyde and Carbon Monoxide. Albert Raa'c 
(Biochem, ZeiUch,, 1914, 64, 257—287; Bull Soc. ckim, 1914, 
1 , 26 — 36). — Under the action of ultra-violet rays, laevulose in solution 
undergoes scission with the formation of formaldehyde, carbon 
monoxide, carbon dioxide, methyl alcohol, and substances of aldehydic 
and acid character, which have not been further identified. It is 
claimed that the degradation of this sugar has been produced for the 
first time without the agency of either chemicals or ferments. 

s. B, a 

Inversion of Sucrose Solution by Aspartic Acid. 
Leopold Radlbebger and Wilhelm Siegmund {Cliera, Zentr., 1914, i, 
1556 — 1557 ; from Osierr ung. Zeitsch. Zuchr-Ind, Landw,, 43, 
29 — 43), — Experiments on the inversion of sucrose by inactive 
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acid have been carried out at temperatures from 30'^ to 80° 


interval of 6° The periods were 0, 6, 10, 15, 30, 60, 120, 180, 
d 240 minutes. At the end of each experiment, the solution was 
^ffliiately rendered alkaline with sodium hydroxide, cooled to 20°, 
invert-sugar estimated by Herzfeld’s method. The results are 
^ ven in » series of tables and curves. The increase in the formation 
invert-sugar during equal intervals with increasing temperature, 
^nd also with increasing periods, can be represented by fairly regular 
* rves which rise more rapidly at higher than at lower temperatures. 

H. W. 


Lftotal and Hydrolactal. Emil Fischer and George 0. Cuhme, 

• 19H> 47, 2047 — 2057). — In a recent paper on the reduction 

of acetobroirioglucose to triacetylglucal and the hydrolysis of the latter 
to glacal, it was brieBy stated that acetobromolactoso behaved similarly 
(this h 263). A complete account of “ acetolactal,” or more 
strictly speaking, hexa-acetyl-lactal and of laclal and hydrolactal is 
DOW given. The relationship between these compounds and lactose is 
demonstrated by the production of mucic acid on oxidation. The 
formation of hydroglucal, by the action of emnlsin on hydrolactal, also 
shows that it is the dextrose part of the lactose molecule which is 
affected by the above reduction. 

Acetobromolactose, prepared by the action of hydrogen bromide and 
glacial acetic acid on octa-acetyl-Iactose, was shaken with zinc dust and 
50% acetic acid at 0°, until the sugar completely dissolved. The 
filtrate was then neutralised with sodium hydrogen carbonate and 
extracted with ether. Hexa-acetyl-lacial (“acetolactal ”), 
has m. p. 113 — 114° (corr,), and the optically pure specimens obtained 
after six recrystallisations from alcohol have [ajo -12*27° -12*14°, 
in s-tetrachloroethane. It absorbs bromine, forming a dihromide, 
^hicb separates in microscopic, thin prisms, m. p. 207° (corr., decomp.), 
[a]u +135'6°, [a]^ -H 135*7°, in s-tetrachloroethane. When left with 
barium hydroxide solution at 37°, it is hydrolysed to lactal^ ^12^20^9' 
which crystallises with IHgO, in slender, white prisms, m. p. 184 — 186° 
(corr.), whilst the anhydrous compound, obtained in a high vacuum, is 
pale yellow and has m. p. 165 — 170° (deeomp.). For the hydrate, the 
values [ajn -H 26*92° and -f 26*77° were obtained, and for the 
anhydride, [a]^ -I- 28*53°, or, calculated for the hydrate, -1-26*95°. 
The agreement in rotation is strange, seeing that the compounds differ 
so widely in m, p.'s, Lactal is faintly sweet, does not give the 
pine-splinter test, and is practically indifferent towards Fehling's 
solution or phenylhydrazine, but it resembles glucal in that its 
solutions restore the colour to Schiff’s reagent, decolorise bromine 
water, and become dork on warming with hydrochloric acid. 

Hexa-acetyl-lactal is quickly reduced in presence of spongy platinum 
^ hexa-acetylhydrolactal, 024 Hg 40 i 5 , a colourless powder which softens 
at 50—60°, and is readily hydrolysed by baryta water at 37°. Hydro- 
ktiiol, is also most readily obtained by the reduction of 

i^ctal. It crystallises from 80% alcohol in slender prisms, with 
%0, [a]^ -f 26*82°, -{-26*79°, 26*58°, in water, and this 

tydrate, like the anhydride, has m. p. 204 — 205° (corr.). It has none 
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of the aldehydio and reducing properties of lactal, but is by droit ^ 
by dilute acids, the production of galactose being proved by th 
isolation of mucic acid on evaporation with dilute nitric acid, 
found to be extremely dificalt actually to separate the products^^f 
hydrolysis, but, after destroying the galactose produced by the actio^ 
of emulsin, by yeast fermentation, a good yield of hydroglucal could h! 
isolated from the residue. j. q ^ 

Cellobial and HydrooeUobial. Emil Fischek and Kalmvn vn 
Fodoh {£«r., 1914, 47, 2057— 2063).— Acetobromocellobiose has been 
reduced and submitted to the further treatment which was described 
in the cases of dextrose (A., 1913, i, 446 ; this vol., i, 252) aud lactose 
(preceding abstract). The relation of hydrocellobial to hydrolactal 
and hydroglucal is demonstrated by the formation of a reducing sugar 
and of hydroglucal by the action of emulsin. ® 

Analytically pure acetobromocellobiose should be used in the re- 
duction, since the presence of unchanged octa-acetylcellobiose hinders 
the purification of the new products. 

Ilexa-acetylcellobial, OjgHj^OgAcg, separates from chloroform and 
petroleum in small, rhombic leaflets, m. p. 134 — 135° (corr) 
[a]l) 1 9 -8° - 19‘6° in a-tetrachloroethane, and forms a dihromide 
in very pale yellow, microscopic prisms, m. p. 165 — 166° (corr.)* 
[ajp +57 ‘9°, +57'4°. When left with baryta water, it is hydrolysed 
to cellohial, which forms colourless prisms, m. p. 175— 17 6^ 

(corr.), [ajn +1’0*^, in water, and reacts like lactal. 

Hexaacetylhydrocellohial^ OigH^gOgAcg, is obtained, by catalytic 
reduction, in colourless, microscopic prisms or tablets, m. p. 133—134° 
[a]o + 11*2°, [ajif + 11*1®, in «-tetrachloroethane, and hydrocelkhiai 
crystallises in colourless prisms, m. p. 222° (corr,), [a]’^* 
+ 4*3° [a]^^ + 4* 1°, in water. After hydrolysis by emulsin, Followed by 
destruction of the dextrose by yeast, hydroglucal was isolated in 
good yield. J. C. W 

Action of Concentrated Sulphuric Acid on Cellulose. S. 
Tschumakov (Ao/M. 1914, 14, 321— 322),— In reference to 

the preparation of colloidal carbon by the action of sulphuric acid on 
sucrose (Sabbatani, this vol., ii, 198), the author communicates obser- 
vations relative to the action of the concentrated acid on cellulose. 
Strips of filter paper were left for some days in contact with the acid, 
and the resulting dark-coloured liquid then treated with a large volume 
of water. The precipitate, washed until free from sulphuric acid, and 
dried at 100 — 112° until the weight became constant, was found to 
contain C 62T%, H 5'0°4 andO 32*9%, corresponding with the formula 
(CftO),. 

At the end of two and a- half years it was found that the liquid ob- 
tained from 2*59 grams of cellulose and 100 c.c. of acid had solidified 
to a gelatinous mass. H. M. b. 

Action of Ammoniaoal Copper Hydroxide on Cellulose. Ersf' 
CoNNEfiADE (Aw^^. Son. ckim. Belg., 1914, 28, 176 — 186 ).— Experiments 
have been made on the solubility of cellulose in ammoniacal copper 
hydroxide, and on the relationships existing between the concentrations 
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nia, copper and the quantity of cellulose dissolved. It is shown 

tbat'a^solotion of ammoniacal cuprous hydroxide, prepared at low tem- 


colloidal ammoniacal cuprous hydroxide. The cupric hydroxide only 
^ secondary part in the solution of the cellulose. The solubility 
^{^Lllulose is proportional to the concentration of the colloidal ammo- 
niacal cuprous hydroxide. The solution of cellulose is brought about 
, combination of quantities of colloidal ammoniacal cuprous 
7. _ j.. water in amounts which increase to a point at which 


contains^ iu comparison with cupric hydroxide, a large excess 


equilibrium exists between the liquid and solid pluses. The 
strongly hydrated colloidal complex combines with ammonia in pro- 
nrtion to its concentration, and this tends to render the complex more 
stable. The coagulation of the colloidal complex can be effected 
reversibly in solution. J. F. S. 


The Asymmetrio Cobalt Atom. X. A, Weeneb [with 
H. Kuh and P. WCst] (7?«r., 1914, 47, 1961— 1979).— The tetra- 
Pfiivlenediamine-ii-aminoperoxocobalticobalto salts have the constitu- 

^ r ^NH 1 

tional formula ePo Cov.q ^,>Co eog (compare A., 1910, ii, 

^ / ni\ / iY\ 

857). Calling the two radicles (eng Coj and (en^Coj, A and B, four 

optically active series of isomerides should exist, namely: +A + B, 
-A-B, +A-B, and ~A + B. Hitherto only the first two series 
and the corresponding racemates have been isolated. The resolution 
was accomplished by treating the aqueous solution of the bromide with 
d- or Z-bromoeamphorsulphonate. The filtrate from the precipitate 
was fractionally crystallised, and the precipitate, which contained the 
letraethy le nedia m ine- ^ -amin operoxocobalticobalte bromosulphon ates 
Ijesides silver bromide, was fractionally extracted with hob water and 
tte extracts fractionally crystallised. The final yield was very small, 
but the pure d- and ^-bromoeamphorsulphonates of the isomeric 
dicobalt salts were obtained, either in dark green leaflets or in olive- 
green needles, the former being the more readily soluble. The specific 
rotatory powers were : 

From rf-acid, From Z-acid. 

Leaflets .... +520^ -520° 

Needles .... -280° +280° 

The bromides prepared from these had [a] ±840°, [M] +6855° 
fhicb is the greatest rotatory power hitherto observed. This high 
activity is connected with the presence of quadrivalent cobalt in the 
nolecule, since when it is reduced to the tervalent condition tbe 
■ctivity diminishes considerably. 

The active tetraethylenediamine-zr-aminoperoxocobalticobalte salts 
ire fairly stable in aqueous solution, but after keeping the solution 
or some weeks the activity completely disappears. This loss of 
ictivity is accompanied by decomposition, the olive-green solutions 
liaDgiug to a brownish -yellow colour. 

By the action of ammonia the active tetraethylenediamine-/X'imino- 

VOL. evil, i, 3 r 
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peroxocobaltic salt?, j^CDg Co‘<^^^]^>Co erijJXg, are obtained from th 

aminoperoxocobalticobalte salt?. A change of rotation occurs 
d- and /-aminoperoxo-Falts giving respectively the I- and f^'iminoperojcJ 


^ . — ^ o D ' j---- -y ‘“‘“'jperoro 

saltF. At the eame time the rotation diminishes considerably tV 
iodides having [a] ±160° [M] ±1372° Also the active ami/ 
peroxo-salts could be converted into the valency isomeric, red letra 

etbylenediamine-/ii-ainmoniumperoxO'Saltp, j^engCo^s^^^CoeCjlx 


again, there is a change in the sign of, and a diminution in, the rota 
tioE,' the dithionates having [a] ±192° [M] ±1625° CompariBg 
the bromides of the green aminoperoxo- and the red ammonium 
peroxo-serits, the change in molecular rotation is from -6854''t^ 
+ 1510°, a total change of 8364° thus showing the astonishiDgly 
great effect which a change from principal to subsidiary valency hji 
on the optical rotation. 


From the active ^-aminoperoxo- salts were also prepared the active 
^-amino-ol-dicobaltic salts, j^en2Co<C^]^1]>Co engjx^, the active 

|ir-aminoDitrodicobaltic salts, j^eng C o<[^q 2 ^Co GDgJx^, andtheactive 

u-amino-sulphatodicobaltic salts, |^en2Co<C^i^^^Coen2jx3. In each 

case there is a change in the sign of, and a considerable diminution in 
the rotation. 


The relation between the rotatory powers in the various series bas 
still to be studied with homogeneous light, since the rotation dispersion 
is great in all cases. For example, in the /A-aminoperoxo-series tb 
values [a] D + 814’4° and [aj^ + 1200°, were observed. 

^-Teimtthylemdiamine- ii-aminoperoxocolalticohalie- d -hrmocam^hr^ 
sulphonate, Y (S03-CjoHi40Br)4,9H20, where 

Y= j^eD2Co<^^2>Coen2j, 

forms dark green leaflets j + 520°, [M]“ + 9734'4° The corres- 
ponding Id-sa?^, Y(S03’OioH^^OBr)^,8H20, crystallises in olive-green 
needles, and has [a]^° - 280°, [M]“ - 5191*2°. The d- and Vhromidti^ 
YBr^jdH^O, prepared from the bromoramphorsulphonates by double 
decomposition with sodium bromide, form greenish-black, glistening 
prisms, [a]^^ ± 840°, [M]^^ + 6854*4° The d- and Vdithionaiti, 
Y(S20g)2,5H50, gives greenish-black, glistening crystals, and have 
respectively [aP^ + 848°, [M]!^ + 6919*6°, and - 840°, pip 
- 6854*4° The d- and VniWaUs, Y(N03)4,2Hg0, consist of crystalline, 
light olive-green powders, and have [af'^ ± 920°, [M]!^ ± 6348° 
Further investigation of the racemic t etraethylene diamine- /u.-aiiiino- 
peroxocobalticobalte bromide (compare loc. cit) shows that it possesses 
six molecules of water of crystallisation and not five as previously 
stated. The x ekhride, YCi^jOHgO, obtained from the bromide and 
silver chloride, forms dark green, regular, cube-shaped crystals. Ibe 
T-d\thionate^ Y(S20g)2,4H20, gives dark-green crystals, and the 



ORGANIC CHEMISTRY. 


i. 935 


chloridfy glistening, slender leaflets, with a greenish 

(j. and l-Tttraethylenedxamine’^-imxnoperooBocobalticohalU iodides^ 

feDg j obtained by dissolving respectively 

tbe I’ d-;Di-aininoperoxo- bromides in concentrated ammonia and 
nrfcipitating the filtered solution with ammonium iodide. They form 
dark brown needles, [a]^^ ± 160^^, ± 1372'8°, 

(j. and l-TetrMthylerudiamine-iJL’ammoniumperoxocobaHicobalU 6ro- 

tniM en2Co<C^^!>Co enjjBrg^SHgO, were obtained in an impure 
UBr J 

condition by dissolving the respective I- and cJ-^-aminoperoxo-bromides 
ia concentrated ammonia, and then treating the cooled solution with 
concentrated hydrobromic acid until the reddish-brown colour of the 
solution changed to red. On trituration, the reddish-brown, impure 
bromide crystallised out. The pure d-bromide was obtained by 
transforming the impure salt into the dithionate and then converting 
the latter back into the bromide. It is a bright red, crystalline 
powder, [aP^ + 208°, [M]^^ + 1510°. The pure Z-broraide was not 
obtained, owing to insutiiciont material. The d- and \-dithionat68, 

eo^ eng ^ *^,71120, crystallise in salmon-coloured, slender 

H 

needles, [a]!^ ± 192°, [M]^® ± 1625-8° 

r-Tetraetkylenediamine-fi-aminosulphato-dieobal tio nitrate, 

Y(N03)3.2H20, where j^eog CJo<C^^^i^Co eogj, 

is obtained from the ami no peroxo- nitrate by dissolving the latter in 
a concentrated solution of sulphur dioxide. Solution bakes place with 
development of heat, and, on cooling, reddish-brown crystals separate. 
Further treatment with sulphur dioxide gives a red salt, from the 
aqueous solution of which, concentrated nitric acid precipitates the 
required nitrate as light -red needles. The bromide was obtained from 
the nitrate by double decomposition with ammonium bromide, and from 
the bromide, the d-bromocanphorsulphonate, Y'(SOg*CjoTI^^OBr)3,4H20, 
was prepared; it forms light-red needles, and is not resolved into the 
active isomerides by fractional recrystallisation. The active d-nitrate, 
Y(N03)3,2H20, was, however, obtained from Z-tetraethylenediamine-/x- 
aminoperoxo-cobalticobalte nitrate by treatment with sulphur dioxide, 
18 for the racemic nitrate. It crystallises in well developed, red 
prisms; [a] -1-200°, [M] +1384° 
d-fetr(M ihylmediamine-p-amino -ol-dicobaltic iodide, 

j^eDg 602^1^,231120, 

18 obtained as follows : the Z-^-aminoperoxo-nitrate is dissolved in water 
containing acetic acid and the black periodide obtained by treatment 
With sodium iodide. Sodium thiosulphate is then added until the 
solution and salt become red, after which the solution is saturated with 

3 r 2 
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sodium iodide. On recrystallisation from water, the iodide for*, 
bluish-red leaflets, and has [ap +110®, [Mp +990®, The salts ar* 
being farther investigated. 

d-Tetr(Uthyknediamine-fi ami7ioniiro-dicobaltic bromide, 
Oo<®^*>Co en,]Br,,xHjO, 

is obtained from an aqueous solution of the /-/a-aminoperoxo-bromide bv 
treatment with sodium nitrite, followed by concentrated bydrobroniK 
acid. It forms dark-red cubes, and has [o]^® + 168°, [Mp 131+40 

In the resolution of the salts of the tetraethylen^iamineYt-amina. 
peroxo-series, brownish-green and brown needles were obtained as m 
impurity. They were purified by a complicated process and showanat 
to be isomeric with the green salts, but their constitution has not yet 
been elucidated. T. S. P, 

The Asymmetric Cobalt Atom, XI. Oxalatodiethylene, 
diaminecobaltic Salts, and a New Method for Resolving 
Racemic Inorganic Compounds, A. Webner [with J. Bosshaet] 
(Ber., 1914, 47, 2171 — 2182). — The study of the active oxalatodietbyl- 
onediaminecobaltic salts (Werner and McCutcheon, A,, 1913, i, 19] has 
again been undertaken in order to investigate the separation of tkfi 
active compounds from the racemates by crystallisation methods, Tbe 
bromide was found to give the best results, 100 grams of water at 11“ 
dissolving 1*05 grams of the d-bromide and 1'85 grams of the r-bromide 
respectively. The pure active bromide was readily obtained from the 
impure salt by fractional crystallisation and served for the preparatioo 
of other salts (see later). 

The great difference in solubility of the active and racemic 
bromides led the authors to investigate the preparation of the active 
bromide by precipitation of the aqueous solution with alcohol, or with 
a mixture of alcohol and ether. If the solution contains the racemate 
and an excess of the ti-salt, the latter is readily precipitated, but the 
mother liquor, instead of being inactive, is found to be Igevorotatory, 
and further precipitation with alcohol and ether gives the /-salt, which 
is obtained pure by one more precipitation. The same thing holds good if 
a mixture of the /-salt and the racemate is fractionally precipitated, 
the /-salt being first obtained and then the c/-salt. Thus by simple 
precipitation of a mixture of an active salt and the racemate, resolu- 
tion of the racemate takes place. Similar results are obtained with 
dinitrodiethylenediaminecobaltic chloride, and as a general result it 
may be stated that resolution takes place in this manner when the 
active salt is less soluble than the racemate. If the racemate is tba 
more soluble salt, no resolution takes place. 

It is not necessary for the active salt to belong to the same series of 
salts as the racemate for resolution of the latter to take place. For 
example, if a mixture of cZ-oxalatodiethylenediaminecobaltic chloride 
with r-dinitrodiethylenediaminecobaltic chloride is fractionally pre- 
cipitated with alcohol, the first precipitate consists of a mixture of 
d-oxalato-chloride and r/-dinitro-chloride, which are readily separated, 
owing to their differing solubilities j from the mother liquor tht 
/-dinitro chloride is obtained. 
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In a similar manner the active salt of one metal can be used to 
goire the racemate of another metal. In this way r-oxalatodiethyl- 
ncdiaminechromium bromide has been resolved by the addition of one- 
!entb of its weight of cf'Oxalatodiethy lenediaminecobaltic bromide. The 
i^bftlt salt is loss soluble than the c2-chromium salt, which latter is 
.jjgrefore readily obtained pure. By the addition of active chromium 
jalts thus obtained to further quantities of the racemate, the latter 
readily bo resolved. 

The above methods of resolving racemates must be further studied 
[^fore a theoretical interpretation of the results can be given ; in some 
respects they are similar to the results obtained with other compounds 
by Ostromiaslenski (A., 1908, ii, 913).^ 

"^Werner and McCutcheou (/oc. cU.) investigated the rotatory power 
of the active oxalatodiethylenediaminecobaltic salts towards white 
light. Using monochromatic light the dispersion is found to be very 
niarked, as the following results show. 

d-Oxalatodiethylenediaminecobaltic chloride, [CjO^ Co engjCl, has 
fain +848°, [M]d +2561°, [a]c +308° [M]^ +930°j the correspond- 
ing f-chloride has [a]p - 840°, [MJ^^ - 2536°, [a]^ - 304°, [M], - 918° 
^quimolecular quantities of the active salts, when mixed, give prisms 
of the inactive racemate. The c^-bromide, [CjO^ Co engjBr, which was 
obtained from the chloride by treatment with concentrated hydro- 
bromic acid, has [a]^ + 736°, [M]j, +2546°, [4 +268° [M]o +927°; 
the corresponding Z-bromide has [a.]^^ - 728°, [M]d - 2518°, [a]c - 269°, 
[M]c -899°. From the d- and ^-bromides the following salts were 
prepared by double decomposition with the alkali metal salts of 
the appropriate acids. d-Oxcdatodiethylenediaminecobaltic perchloraUf 
YC10^,H2^> where Y = [C20^ Co eog], forms long needles, and has 
[a]„ +688°, [MJo +2518°, [a]c +240°, [M]c +878°; the l-perchlorate 
has [at -696°, [M]o -2547° [at -248° [M]c -907° The d- and 
VMocyanates, YSCN, crystallise in leaflets and have [a]n±784°, 
[M],+ 2548° [a]c + 280°and -284°, [M]e +910° and -923° The 
d- and {-dithionateSf form short, glistening needles, and 

bav6[a]n +600° and 696°, [M]i, +2562° and -2644°, [a]c +216° and 
-212°, [M]c +922° and -905°. The d- and liodides, YI, form a 
a dull, crystalline powder, and have [ajo +640° and -644°, 
[M], +2521° and -2537°, [a]c ±232° [M]c ±914°. The d- and 
Iniiraks, YNOgjajHgO, crystallise in long, dark-red needles, and have 
Wt, ±724° [MJo ± 2512°, [a]c ±264°, [M]c +916° 
d- and I'Oxatatodietkylenediaminechrornic bromides ^ [UgO^ Cr eOgjBr, 
form orange-red powders, and have [aj^ + 332° and - 316°, [M]j, +1129° 
imd -1075°, [a]c +164° and -156° [M]c +557° and -530°. Their 
&<lueous solution rapidly undergoes racemisation. T. S. P, 


Preparation of Dimethy lamina and Dimethylaminomethyl 
Alcobol. FabbbnfAbbiken vorm. Friede. Bayer &. Co. (D.R.-P. 
26!1430. Compare this vol., i, 150). — The yield of dimethylamino- 
methyl alcohol may be raised from about 30% to almost its theoretical 
^alue by increasing the amount of hypochlorite or hypobromite used 
to 2 mols. per moi. of tnmethylamine salt : 

NMe 3 ,HCI + 2NaOCl = NMe^Cl + CHgO + 2Na01 + Hfi. 
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The halogenated dimethylamine may be separated and reduced b 
means of a sulphite or hydrogen sulphite or zinc dust to dimethvi 
amine, or the liquid may be treated directly with the reducing agen 
and then rendered alkaline, in order to obtain dimethylaminoaietbv 
alcohol T, H. P/ 


Preparation of Betaine Salts. Aktien-Gesbllschaft fOr Anilij, 
Fabrikation (D.E.-P. 269338).— When treated with a methyl haloid 
in presence or absence of an indifferent organic solvent, methyl 
dimethylaminoacetate is readily converted into the methyl ester of the 
corresponding halogen salt of betaine. This ester is %drolysed by 
heating its aqueous solution, preferably acidified with a mineral acid 
the betaine salt being thus obtained in almost quantitative yield. 

T. H, P. 


The Esters of Choline. E. Foubneau and Harold J. Page {Bull 
Soc.ckim.y 19U, [iv], 15, 544— 653).— The authors have prepared a 
number of esters of choline with the view of studying their haemolytic 
properties as compared with those of lysocithin (compare this vol, i 
781). A number of these esters have been previously studied from 
the point of view of their effect on blood pressure, but have apparently 
never been isolated except in the form of their platinichlorides or 
aurichlorides, and these not characterised The chlorides, bromides, 
and iodides of a number of choline esters have been prepared by the 
action of trimethylamine on the chloro- or iodo-ethyl esters of the 
higher fatty acids, the latter having been first prepared by tbo con- 
densation of j8-cbloro- or iodo-ethyl alcohol with the acid chlorides. 
The following halogen ethyl esters were prepared : ^-clUo7'oethyl stmmtf., 
CjjHg^COg’C^H^Cl, voluminous plates, m. p. 49*5°; ^ cbloroetliyl 
palmitate, nacreous plates, m. p. 41 ‘5° (compare Krafft, A., 1*j 04, i. 
136) ; )3-chloroethyI dodecoate, a liquid, b. p. 165°/19 mm., m. p. Ir 
(Krafft, loc. cit.)] ^-chloroethyl octoale, s. liquid, b. p. 135718 mm,; 
^-iodoeihyl stearate, nacreous plates, ra. p. 59*5°; ^-iodoethyl palmilats, 
m. p. 54°; ^-iodoetkyl tetradecoate, m. p. ; /S-iodoetkyl dodecoait, 
m. p. 35°; ^-iodoetkyl nonoaie, b. p. 169715 mm. ; ^-iodoetkyl octmk, 
b. p. 170°/2G mm.; ^-iodoethyl butyrate, b. ip. 100°/I6 mm,; 
ethyl oleate, a very viscous liquid, crystallising at 6°, but which could 
not be purified 

All the iodoethyl esters readily react with trimethylamine on heating 
in benzene solution in sealed tubes at 100°, giving the corresponding 
alkyl oxycholine iodides; but of the chloroethyl esters, only tho^e 
which are esters of the Cg or lower acids give this reaction. The 
choline chlorides can, however, be prepared from the corresponding 
iodides by shaking their solutions in methyl alcohol with excess of 
silver chloride. All the iodides prepared were hygroscopic, but not 
deliquescent, whilst the chlorides below the term in 0^2 
quescenb and difficult to purify. All the salts were soluble in water, 
giving solutions, soapy to the touch and frothing on shaking. The 
chlorides of the higher members melt to very viscous, transparent, 
highly-refraetive liquids at a relatively low temperature, fairly well- 
defined, and on heating to about 200° the liquids become mobile, 
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h gas IS evolved, and the residues solidify. Concentrated aqueous 
^^fatioDS of the chlorides or iodides do not give a precipitate with 
nitrate, the silver haloid being kept in colloidal solution until 
llcohol is added. 

^ Xhe following substituted choline salts and their derivatives have 

ijeen prepared : 

iodide, nacreous plates, yielding with silver chloride 
the chloride, long prisms, first m. p., 73°, second m, p., 193°, which gives 
Q aurichloride, rhombohedra, m. p. 109 — 110°, a platinichloride, 
Jejagonal plates, m. p. 218°, and apicraie, m. p. 102°. 

pf^ljjiitylchotine iodide, nacreous plates, giving the chloride, prismatic 
needles, first m. p., 66°, second m. p., 194'5° giving an oMrickhride, 
large plates, m. p. 110°, a platinichloride, slender needles, m. p. 218°, 
i^A&pierate, no. p. 101*5°, 

J)odecylckoline iodide and the chloride, long plates, first m. p., 54° 
second m. p.i 196°, giving an aurichloride, reetaogular plates, m. p., 106°, 
a vlaiinichloride, slender needles, m. p. 117°, and a picrate, rhombic 
plate?, m, p. 97*5°. 

Octylcholine iodide and the chloride, first m. p., 35°, second m, p., 
J98°, giving an aurichloride, lenticular, rhombic plates, m. p. 87 — 88°, 
I platinichloride, long, prismatic needles, m. p. 203 — 204°, and a 
picrate, rhombic plates, m. p. 94° 

Butyrylclu)line iodide and the chloride, large, very deliquescent, 
prismatic needles, giving an aurichloride, rhombic plates, m.p. 93 — 94°, 
^platinichloi’ide, long, rectangular prisms, m. p. 209°, and a picrate, 
rectangular plates. 

Okylcholine iodide, crystallising in stout plates, and the chloride, 
which yields a platinichloride, short prisms, m. p. 104 — 105°, and a 
pimte, rectangular plates, m. p. 88 — 89° 

Acetylcholine bromide, crystallising in deliquescent, rectangular 


TdradecylchoUne chloride, plates, first m. p., 58°, second m. p., 195°, 
giving an aurichloride, thin plates, m. p. 108 — 109°, a platinichloride, 
long needles, m. p. 217*5°, and a picrate, rhombic plates, m. p. 98*5°. 

Acetylcholine chloride was prepared by the interaction of trimethyl- 
amine and chloroethylacetate, but could not be purified on account of 
the readiness with which it hydrolysed. 

Bmzoylcholim iMoride, long, transparent prisms, m. p. 200° (decomp,), 
gives an aurichloride, silky needles, m. p. 182°, a platinichloride, small 
rhombohedra, m. p, 224°, and a picrate, rectangular plates. 

The haemolytic properties of these choline derivatives is being 
studied, and at present it can only be stated that the haemolysing 
powers of the palmityl and stearyl derivatives are but little inferior 
to those of lysocithin (compare loc. cit). • W. G. 


Preparation of ay-Dichlorowopropyl Carbamate. Beuno 
Beckmann, Chemische Fabrik (D.R.-P. 271737). — The compound, 
^iH2'C0*0*CH(CH2Cl)2, m. p. 82 — 83°, obtained from ehloroformamide 
md ay-dichloropropan-jS-ol, differs from Otto’s dichlorowopropyl 
cirhamate (A., 1891, 1373), in its melting point, its solubility, and its 
hitter taste. T. H. P. 
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Creatine and Creatinine Metabolism. I. The Preparation 
of Creatine and Creatinine from Urine. Stanley R. 

(/. Biol. CJam.y 1914, 18, 183— 190).— New methods for the prepat^ 
tion of creatine and creatinine from urine are described in detail. Xhe 
zinc chloride compound is first formed, and from this, creatine ig 
obtained by boiling with calcium hydroiide, and creatinine, 
60—80% yield, by dissolving in concentrated ammonia and allowing to 
cool in ice. The creatinine which crystallises out is usually q^jj^ 
pure, but may be recrystallised from warm conoentrated ammonia. 

H. W. B. 

Effect of Formaldehyde on Sheep’s Wool and Constitution 
of the Latter. Albert Kann (Ghem. Ztntr.y 1914, i, 1193; fro^ 
Fdrber-Zeit, 25, 73 — 76). — Small quantities of formaldehyde (up to 
0'1% commercial formaldehyde by weight) render sheep’s wool less 
sensitive to alkali, etc., without infiuencing its behaviour towards dyes, 
and this property is not affected by a preliminary treatment of the wool 
with nitrous acid. Wool treated with formaldehyde gives the same 
yellow colour with nitrous acid as the untreated product. The author 
is led to the conclusion that nitrous acid behaves as a nitrosaticg and 
not as a diazotieing agent, and that formaldehyde causes an aldol 
condensation. The wool molecule therefore contains imino- and 
carboxy-, not amino- and keto-groups. Acetaldehyde behaves similarly 
but more weakly, whilst acraldebyde has a more powerful action than 
formaldehyde. The greatest resistance to alkali is developed in wool 
which has been previously treated with weak formaldehyde and is 
subsequently subjected to the action of the aldehyde in the alkaline 
bath. H. W. 


Synthesis of Polypeptides by the Action of Glycerol on 
Glycine. L. C. Maillabd {Ann. Chim,, 1914, [ix], 1, 519-578).— 
A fuller account of work already published (compare A., 1912, i, 13). 

W. G. 


Preparation and New Reactions of the Esters of Hydrazino- 
carboxylic Acids. Otto Diels {Ber., 1914, 47, 2183 — 2195).— 
Although at higher temperatures the alkyl carbonates and hydrazine 
give rise exclusively to carbohydrazide, at the ordinary temperature 
or at 0°, excellent yields of alkyl hydrazinocarboxylates are obtainable. 
These compounds, of which the ethyl member has already been 
described (Diels, A., 1903, i, 324; Gutmann, Diss, Heidelberg, 1903), 
are colourless, crystalline solids. 

When ethyl carbonate is shaken with hydrazine hydrate and the 
mixture kept at the ordinary temperature for about seven hours, the 
resultant clear liquid on distillation yields ethyl hydrazinocarboxylate, 

NHg^NH-COgEt, m. p. 45°, b. p. 93°/9 mm., 108—109722 mm., in 
almost theoretical quantity. On distillation under ordinary pressure, 
the ester undergoes partial decomposition with formation of ethyl 
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NH’CO 

hj'draziDodicarboxylate, m. p. 

(BuBch, A., 1907, i, 664), m. p. 270'’. 

' Methyl carbonata and hydrazine hydrate when shaken together give 

homogeneous mixture in a very short time, subsequent distillation 
reduced pressure leaving a residue of ’methylhydrazinocarhoxylaUt 
.jjg.COgMe, m. p. 73° in 90 — 95% yield. At 150° the hydro- 
\lorideB of the ethyl and methyl esters undergo decomposition, in 
vhicb the corresponding alkylhydrazine is formed, the yield of pure 
methylhydrazine from 52 grams of the hydrochloride of the methyl 
ester being 3—4 grams. 

Q,gsthoxyphenyl hydrazinocarboxylate, N Hj'NH • COg ' CgH^ • OMe, 
obtained by the interaction of hydrazine hydrate and guaiacyl 
carbonate in the presence of alcohol at 0° forms lustrous prisms, 

^ p 99 100°; it decomposes near 160°, giving a distillate of guaiacol, 

the residue being a brittle, amorphous substance of the composition 
OMe'O0H4(OH)(CH2ON2)iot the brown solution of which in solutions 
of an alkali on the addition of a little Fehling’s solution changes to a 
deep olive-brown,' the colour passing into a violet where the wall of the 
test glass is wet with a film of the liquid. The amorphous substance 
appears to dissolve unchanged in cold water, but, on warming, 
decomposition ensues with formation of guaiacol and a sparingly soluble 
substance of the composition (CHgONj)^; this is a heavy, crystalline 
powder, and gives the same effect as the amorphous compound with 
alkali and Fehling's solution. 

In hot alcoholic solution o-methoxyphenyl hydrazinocarboxylate 
condenses with benzaldehyde, giving a henzylidene derivative, 
CHPhlN-NH-COj-CgH^-OMe, 

a colourless, crystalline solid, m. p. 176°, to a yellow fluid, with previous 
sintering at 168°. When heated under a pressure of 14 mm. at 185°, 
decomposition ensues', giving an almost quantitative yield of guaiacol 
and a very sparingly soluble substance j CgHgONg, prisms or needles, 
ffi.p. 268—269° (decomp.), whilst a small amount of benzaldazine is also 
produced. 

If o-metfaoxy phenyl hydrazinocarboxylate is heated with acetic anhy- 
dride and the resulting liquid is distilled under reduced pressure, the 
acetyl compound present undergoes decomposition between 1 25° and 
220° giving guaiacol, guaiacyl acetate, a substance, (well 

form^ crystals, m, p. 106 — 106°), possibly of the structure 


and another substance, O^HgOgNj (possibly diacetyl-hydrazicarbonyl, 

^ Ac 

^ ^ ]>CO), fine needles, m. p. 79 — 80°. The o-methoxyphenyl ester 

similarly gives a f(yrmyl derivative, CHO*NH*NH*COg*CgH^*OMe, quad- 
ratic tablets, m. p. 114 — 116° with previous sintering at 110° which 
when heated at 160 — 220°/ 14 mm. decomposes with the formation of 
guaiacol and a substance, CgHgOgNg (possibly formylhydrazicarbonyl, 

j^Tg^N'CHO), stout, colourless, prismatic crystals, m. p. 120°; some- 
what resembling alum in taste. P. F. T, 
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Transformation of d-woPropylmalonamic Acid into itg 
Optical Antipodes by Interchanging the Carboxyl and Amido- 
groups Emil Fischer and Fritz Brauns {SUzungsUr. K. 

Wus. Btffiiny 1914, 714— 727).^An attempt was recently made to 
interchange the amido- and carboxyl groups in an active amic acid, in 
order to determine whether inversion would thereby result, in accord, 
ance with the theory of the asymmetric carbon atom (this vol, i,247). 
This has now been accomplished in the case of (i-isopropyimalonaoiic 
acid by the following series of reactions. The acid was converted 
into the methyl ester, the amido-group was replaced by carboxyl, and 
then, instead of treating the ester with ammonia, wherein lay the 
failure at the previous attempt, it was mixed with hydrazine m\ the 
bydrazide was converted into the azoimide. This reacted readily with 
ammonia, with the formation of the optical^ isomeride of the original 
acid. The reactions were first investigated in the racemic series, and 
then carried through with the <^-acid in much the same way. 

Ethyl a-cyanoisovalerato (A., 1909, i, 628) was heated with concen- 
trated sulphuric acid on the water-bath for twenty hours, and then 
poured on ice, when isopropylmalonamic acid, NH^’CO’CHPi^-COjH, 
crystallised from the solution. The acid separated from water in 
envelope-shaped crystals, m. p. 158“ (corr., decomp.), and, by treatment 
with diazomethane in methyl acetate suspension, yielded the meMi/i 
ester, slender needles, m. p. 121° (corr.). This was suspended in cold 
ether and treated with nitrous fumes until a clear solution resulted, 
whereby it was transformed into rmthyl hydrogen kopropylmalomU, 
COoMe-CHPr^-COaH, b. p. 95—100° (bath)/0-3 mm., 1-1055. 
This was mixed with anhydrous hydrazine at 0 , and left for a dfiv, 
when the excess of the base was removed in a vacuum. The solid 
hydrazide which remained was dissolved in water and precipitated 
with lead acetate, when the lead salt separated in sparkling leaflets, 
The free iBopropylmalonkydrazidic acid, NHg'NH'CO'CKPr^'COjjH, 
which formed glistening leaflets, m. p. 172° (corr.), was suspended in 
water, shaken with sodium nitrite until dissolved, and then acidified. 
The oily azoimide was immediately extracted with ether, and ammonia 
was passed into the cold extract. The crystalline mass which remained 
on evaporation was dissolved in water and acidified, when azoimide 
was evolved and the original isopropyl malonamic acid separated, 

An aqueous solution of the racemic acid and quinine was left in we, 
when the salt of the c?-acid separated as a granular mass. The filtrate 
contained the salt of the Z-acid, but, owing to the racemisation, it 
deposited a further quantity of the salt of the d-acid after some 
weeks, or after it had been warmed. The yield of <i-acid was t ere 
fore much more than 50%. The salt was suspended in chloroform aed 
water, cooled to 0°, and shaken with 0-6A^-sodium hydroxide. Attei 
removing the chloroform extract, the aqueous solution was washed viU 
ether and quickly treated with hydrochloric acid. It was necessarj 
to carry out these operations with dispatch, since the acid is quic ’ 
racemised in alkaline solution. The d’kopropylmdonam acic 
crystallised from water in prisms. The following values JL 

observed ; in 4’31% alcoholic solution, + 49*81° 4*09%, +49-40 > % 

+ 46*52°; in the equivalent quantity of A^-sodium hydroxide, + ^ 
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urse of the racemisatioQ la alkaline solution was studied, and 
\ acid was also converted into isopropyl maloiiic acid by the action 
( I’trous fumes. The d-methyl ester had m. p. UP (corr.) and [a]}? in 
alcoholic solution, +55*41°, 9*26%, +55*29°. Change of sign 
° rred on removing the amido-group. The active amic ester was 
^nended in ether, mixed with amyl nitrite and a few drops of water, 
/treated with nitrous fumes. Methyl hydrogen l-i&opropylmalonate, 
^ distilled, had [aj^ - 0*87°, or, in the equivalent quantity of 
sodium hydroxide, [a]D' + 38*4°. The un distilled ester was con- 
erted as above, into Vi^opropylmalonhydra^ndic acid which was not 
iined optically pure, the highest value being [a]^ 28*7° 

Id order to reach the desired end, these reactions were carried 
through quickly, sacrificing the yields with the view of avoiding 
^gjjjjgation. Four grams of methyl d-isopropylmalonamate were 
brought to the above stage, and the crude hydrazide was converted 
into the azoimide, which was treated with ammonia. The l-iso^op^- 
fM/onawtc acid which separated was almost pure, a 4*52% solution iu 
alcohol having [ajo - 44'40°. J. G. W. 

Preparation of Hexamethylenetetramine Camphorates. 
Fabbwebkb vorm. Meister, Lucius <k BrOning (Austrian Patent, 
63529 & D.R.-P. 270180). — Mono- and di-camphorates of hexa- 
jnethylenetebramine may be obtained by crystallising a solution of the 
calculated proportions of the acid and base in an indifferent solvent. 
They have not the unpleasant effects of hexaniethylenetetramine itself, 
whilst they increase diuresis and render alkaline urine acid, T. H, P. 

Preparation of Hexamethylenetetramine Methyl Thio- 
cyanate. Karl Heinrich Schmitz (D.R.-P. 270486).— The original 
process (this vol., i, 20, 503) is altered as follows. Either methylamine 
gaits or ammonium salts or inorganic or organic acids are allowed to 
act on a mixture of formaldehyde and ammonia or on hexamethylene- 
tetramine j or hexamethylenetetramine salt is heated with or without 
formaldehyde and the hexamethylenetetramine methyl thiocyanate 
separated by addition of readily soluble thiocyanates ] or methylamine 
thiocyanate or ammonium thiocyanate or thiocyanic acid is heated 
either with solutions of formaldehyde and ammonia or with hexa- 
methylenetetramine thiocyanate, in the presence or absence of form- 
aldehyde. The latter may be replaced by its polymerides in all cases. 
The reaction is represented by the equation : 

ISCH^O + GNHg + 2NH,*CNS= 2C6Hi2N^,CH3-CNS + COg + ISH^O 

T. H. P. 

Preparation of a Compound Containing Silicon. Hermann 
Wkiland (D.B.-P. 272338). — When heated in presence of light 
petroleum in a platinum autoclave for six hours at 1 7 0 — 1 80°, carbamide 
lud silicon tetrachloride interact to form a compound which contains 
silicon and exhibits the properties of a feeble acid. With sodium 
hydroxide it gives a soluble sodium salt, which yields the original 
compound when treated with carbon dioxide. Boiling of the compound 
with hydrochloric acid results in the separation of gelatinous silicic 
acid. T. H. P. 
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Preparation of a-Broiuo-a-ethylbutyrylcarbamide. Farbex 
fabriken vobm. Friede. Bayer k Co. (D.R.-P. 271682). — a-Bromo 
a-ethylbutyrylcarbamidc, m. p. US*" (compare A., 1911, i, 118), niay 
be prepared by treating a-bromo-o- ethyl butyryl bromide, in presence 
of an indifferent solvent, with mercurous cyanate, and subjecting tbe 
a-bromo-a-ethylbutyryl cyanate thus obtained to the action of ammonia 
2CEt„Br*COBr + 2HgNCO = HggBr^ + 2CEt2Br*CO*NCO, and tliig 
+ NHg = OEt2Br-CO'NH-CO-NH2. T. H. P. 


Complex Cyanides of Quadrivalent Tungsten. Ill, Qscab 
Olsson {ZdUck. anorg. Ckem.j 1914, 88 , 49 — 73. Compare A., 1913 ^ 
ii, 328; this vol, i, 504).— The following further cyanides containing 
quadrivalent tungsten are described : Ag^W(CN)g, a yellow, amorphous 
powder ; [AgNH3]4W(CN)8, prepared by dissolving tbe silver salt in 
concentrated ammonia, separating on cooling as bright yellow crystals; 
Na4W(CN)8,2-5HgO, obtained by the action of sodium chloride on the 
silver salt as small, yellow crystals j (NH4)^W(CN)8, gKatening scales; 
Bb*W(CN)8,3HgO; Cs,W(CN)8; Tl^WlCN)^; Mg2W(CN)g,6H„0; 

Ca„W(C:^)B,8H20; Sr2W(CN)8,8or9H,0; Pb2W{ON)g.4HgO ; 
Md 2W(CN)8,8H,0 ; Cd2W(CN)8,8H20 ; [Cd(NH3)2]2W(CN}3,2H 0; 
[Cd(NH3)3]2W(CN)8,2H20; ZnW(CN)3,4H20 ; [Zn(NH3)2]2W(CN), 
The acid, H4W(CN)a,6H20, is prepared by treating the silver salt 
with a small excess of cold dilute hydrochloric acid, and saturating the 
clear filtrate with hydrogen chloride below 0° The acid is precipitated 
quantitatively in yellow needles. It is dried in carbon dioxide, and 
finally in a desiccator over potassium hydroxide. It is a strong acid, 
decomposing carbonates and yielding a neutral ammonium salt. Its 
alcoholic solution yields crystalline compounds with pyridine and 
quinoline. 


The Technical Methods for the Preparation of Dicyano- 
diamide from Calcium Cyanamide from the Point of View of 
Chemical Kinetics. G. Gruee and P. Nitsche (Zeitsch, angm 
Chm,, 1914, 27, 368— 378).— A new process for the technical 
preparation of dicyanodiamide from calcium cyanamide is described, 
in which the calcium hydroxide already present in the solution of tbe 
calcium compound is utilised as catalyst. Since the polymerisation 
proceeds with a maximum velocity when the concentrations of 
cyanamide and cyanamidion are equal (A., 1914, i, 152; T., 1914, 105, 
576), the hydroxide is fractionally neutralised with hydrochloric acid 
as the reaction proceeds, in order to satisfy this condition. The 
calcium chloride formed exerts an additional catalytic accelerating 
influence in the presence of the hydroxide. The new process has been 
compared by kinetic experiments with the ammonia and zinc cyanamide 
processes, and it is shown that under proper conditions, the almost 
quantitative conversion into dicyanodiamide is possible by the lime 
and ammonia methods, bub that side ructions cause considerable loss 
in the zinc process. Dicyanodiamide formation in neutral solution m 
the presence of the almost insoluble zinc cyanamide is a heteroje neons 
catalysis. The reaction- velocity increases at a proportionally greater 
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atpe tbau the increase in mass of the catalyst, and does not depend on 
Jhe rate of diffusion, but is determined by a slow chemical action 
robably consisting, as in the other cases, in the union of cyanamide 
Scywamidion. G. F. M. 

pbytin. Wolfgang Heubner {BiocMm. Zeitsek., 19 U, 64, 
09^421).— Phytic acid undergoes scission in acid medium at 37° 
dIv very slowly, less than 1% being hydrolysed in a day. The hydro- 
ysis is markedly accelerated by light. S. B. S, 

Hydro-aromatic Substances. W. H. Prrkin, A. W. Crossley, 

0. Forster, H. R. Le Sueur, and A. McKenzie {Rep. Brit. Assoc., 

10*13 135 136). — A report of recent work on this subject (T., 1913, 

103,’ 1297, 2179). C, H. D. 

Derivatives of c^cZbPentadiene and its Dimeride. V. Gbignard 
tad Ch. Coubtot {Compt. rend, 1914, 158, 1763 — 1766).— c^c/o- 
Pentadiene resembles indene and fluorene in its behaviour towards 
uagneBimn alkyl haloids, giving a magnesium haloid derivative 
compare A., 1911, i, 193, 538 ; 1912, i, 250). The reaction 
H- CHs^Mgl = CH, + C.H^-Mgl 

takes place best in a mixture of ether and light petroleum (60 — SO’) 
it 46—50°, when, on cooling at the end of the reaction, the mag- 
nesium derivative separates out as a powder. ‘ This derivative readily 
reacts with iodine and bromine or cyanogen bromide or chloride, but 
the products, in all cases, rapidly undergo dimerisation. Iodine in 
toluene solution gives a black, insoluble powder, having the composi- 
tion O5H5I, but this is evidently a polymeride. Bromine reacts with 
the magnesiumbromo -derivative in ether at low temperatures to give 
3 : 4 : 5-<ri6romo-A^-cyclo/?«nJene, small prisms, m. p, 60°, which is very 
unstable and is rapidly transformed into the dimeride^ Cj^Hj^Br^, a 
blackish-brown powder. Attempts to prepare a monobromo-derivative 
by means of cyanogen bromide only yielded a black powder, which was 
a mixture of bromo- and cyano-polymerides. Cyanogen chloride 
yielded the nitrile of bis-cy c/open tadienedicarboxy lie acid, which on 
hydrolysis with alcoholic potassium hydroxide yielded the acid 
(compare Thiele, A., 1901, i, 182). This acid is also obtained directly by 
the action of dry carbon dioxide on the original magnesium derivative. 

With anisaldehyde the magnesium derivative yielded ^-Tnetkoxy^ 

phmylfulvene, 1 ^^C^CH*CgH.*OMe, red crystals, m. p. 70° and 
Cil.CxL 

with acetone, dimethylfulvene, b. p. 47°/ll mm. (compare Thiele, 
loe, cit.). With benzophenoue the alcohol is, however, obtained, being 
the first known in this series. Diphenylfxdvanol is obtained in colour- 
less crystals, m. p. 123 — 124°, which are very oxidisable and rapidly 
resiuify on attempts to recrystallise them or under the influence of 
liydrochloric acid or bromine. In sunlight the alcohol is dehydrated, 
diphenylfulvene, red prisms, m. p. 82° (compare Thiele, loe. 

W. G. 
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Bromination of Benzene and its Homologues, Catalytic 
Action of Manganese. L. Gay, F. Ducellikz, and A. RAYKAtu 
{Cwnpt, rend., 19i4, 158, 1804—1806. Compare this voL, ii, 273).^ 
Bromine attacks benzene at 75° in the presence of manganese, but 
only at 90° in the absence of the metal. Working under similar 
conditions of temperature, manganese is shown to have a marked 
catalytic influence. The ratio of recovered benzene to brominated 
benzene is 8 : 9 in the presence of manganese and 10 : 3 in ita absenca 
Man ganese exerts a similar catalytic influence on the bromination of 
toluene and xylene in the cold, but on working at 80° for toluene and 
50° for xylene this action is masked, better results being obtained 
without the manganese. In no case is the metal attacked. W.G, 

Some Hydrogenations by means of Sodammonium ; 
Hydrocarbons. P. Lebeau and M. Picon (Oompt. rend., 1914, 159^ 

70 72). — Using sodium in liquid ammonia under the conditiocg 

given for tetrahydronaphthalene (compare this vol., i,825), the authors 
have prepared hydrides of a number of hydrocarbons, all of which 
have been previously described, namely : tetrahydroacenapbtheue 
(compare Bamberger and Lodter, A., 1888, 292), dihydroanthracene 
(he. tetrahydrophenan throne (compare Breteau, A., 1911, i. 625), 
tetrahydiodi phenyl (he. cit.), and dihydrostilbene. The other product 
of the reaction is in all cases sodamide. Attempts to hydrogenate 
amylene, benzene, toluene, cymene, terpinene, terpinolene, carvene, 
terebene, a-pinene and men the ne by this method were unsuccessful. 
Fluorene and indene instead of undergoing hydrogenation gave sodium 
derivatives. 

The Electrochemical Oxidation of Aromatic Hydrocarbons 
and Phenols. Fb. Fighter and Robert Stocker (Ber., 1914, 47, 
2003—2019. Compare Fichter, A,, 1913, i, 1316).— By submitting 
phenol in a feebly acid sulphate solution to an alternating current be- 
tween platinum electrodes, Drechsel (A., 1884, 1136; 1888, 12<6) 
was able to produce a mixture of substances which he classified into 
oxidation products, namely, quinol, catechol, p-diphenol, oxalic anil 
formic acids, reduction products, namely, cyclohexanone and succinic 
acid, and dehydration products of which the only example was 
phenyl hydrogen sulphate. The authors desired to reproduce these 
results with a direct current j they discovered that under electrolytic 
oxidation phenol and benzene yield the same end-products, so that the 
examination of the behaviour towards electrolytic oxidation was 
extended to certain homologues and substituted derivatives of phenol 
and benzene. The substances were generally treated in suspension in 
2iV-sulphuric acid. ^ , 

It is found that electrolytic oxidation of benzene and its derivatives 
effects nuclear hydroxy lation ; the first product from benzene ispheno, 
which is too easily oxidised to be isolated, and is further converted 
into catechol and quinol. The former is difficult to detect on accoun 
of its passing readily into higher oxidation products, and the 
lion of appreciable quantities by Drechsel is attributed to the alterna- 
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. of fclie current tending to check the increase in the oxidation 
potential of the electrodes. The latter substance pMses by oxidation 
into the relatively stable jo-benzoquinone, which, if the anode and 
cathode are separated, together with its degradation product maleio 
^Qj(} forms the main p^t of the final product, whilst if no diaphragm 
*8 u^d cathodic reduction reconverts some of the p-benzoquinone into 
quinol. Contrary to the views of Kempf (A., 1907, i, 63 ] 1906, ii, 24, 
05 ) who regards lead dioxide as the chief agent in electrochemical 
oxidation at a lead anode, it is found that the same products are 
obtained whether platinum, lead or graphite electrodes are used. The 
hypothesis that electrolytic oxidation in sulphuric acid solution depends 
on the intermediate formation of persulphuric acid is also untenable 
because the result is qualitatively the same when aqueous phos- 
phoric or perchloric acid is used for the suspension, and it is unlikely 
that genuine " per-acids ” are produced under such conditions from 
either of these acids. 

Attention is drawn, by the citation of examples, to the remarkable 
frequency with which electrolytic oxidation and treatment with 
hydrogen peroxide yield similar results, and the suggestion is made 
that an important point of analogy between these agents is the absence 
of formation of lower oxides which may exert catalytic influence on 
the oxidation process. 

Electrochemical oxidation of toluene in suspension in dilute 
sulphuric acid was found to give rise to toluquinone, quinol and phenol 
together with a smaller quantity of benzaldehyde (compare Law and 
Perkio, T., 1907, 91, 258). The fact that the aromatic nucleus is 
attacked in preference to the side-chain is in accord with the results of 
electrochemical chlorination of toluene (compare Cohen, Dawson and 
Crosland, T., 1905, 87, 1034). In explanation of the above behaviour 
of toluene the following scheme is suggested : — 



in which the final members not included in the experimental products 
undergo disruptive oxidation. This view of the process is confirmed 
by examination of the behaviour of 0 - and yj-cresol on electrolytic 
oxidation. 


p-Xylene, in suspension in dilute sulphuric acid, on treatment at a 
lead dioxide anode, gave in addition to a small quantity of p-tolualdehyde 
(compare Law and Perkin, loc. cit.), yj-xyloquinol and a substance, 
silky needles, m, p. 16P, probably ^-xylylene dioxide. The changes are 
represented by the scheme 
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Nitrobenzeoe proved very resistant to anodic oxidation, and the only 
isolable oxidation product was maleic acid, which was also obtained 
with 0 - and m-nitrophenols ; jt>-nitrophenol was completely destroyed. 
Trichlorophenol gave an unsatisfactory yield of 2 : 6-dichloroquinol 
and thymol gave thymoquinol, together with a mixture of difficultly 
crystallisable substances from which dithymol could be separated. 

The last product is interesting as corresponding with the dipbeuol 
obtained by Drechsel, but which the authors have bean unable to 
produce by the electrolytic oxidation of phenol; with the possible 
exception of this, all the oxidation products named by Drechsel are 
formed in the electrolytic oxidation of phenol with a direct current. 
The production of his reduction products was probably to a large 
extent due to the formation of platinum black on his electrodes; 
under these conditions, maleic acid would be easily reduced to succinic, 
and phenol would give cyc^ohexanol, which by subsequent oxidation 
could pass into cyc/ohexanone. 

The authors are, however, unable to conhrm the formation of 
phenyl hydrogen sulphate and bring evidence indicating that the 
substance described by Drechsel was in reality quinolsulpliuric add, 
OH-OeH^-O-SOgH. D. F. T. 


Separation of the Hydrochlorides of Primary Aromatic 
Amines and their Derivatives from the Products of Reaction 
of the Corresponding Nitrc^.^ Nitroamino-, NitrosO', Azoxy-, 
Azo~, Hydroxyazo-, and Amin, azo-compounds with Iron and 
Hydrochloric Acid. Hirsoh Pomeranz (D.R.-P. 269542).— When 
the proportion of iron and the proportion and concentration of the 
hydrochloric acid employed in this reduction are so chosen that the 
resultant mixture of ferrous chloride, water, free hydrochloric aeid, 
and hydrochloride of the base is just saturated in the cold with respect 
to ferrous chloride, the hydrochloride of the amine separates almost 
qdhntitatively from the liquid. Loss due to oxidation of the liberated 
amine is thus avoided. T. H. P. 


Diazotisation of Phenetidines. Th. van Hove (Bull. Acad ro\j. 
Belg.i 1914, 235 — 249). — It has been shown by Swarts (A., 191^ h 
842) that considerable quantities of phenetole are formed in addition 
to floor ophenetoles when o- and p-phenetidine are diazotised in the 
presence of hydrofluoric acid and i|ftj|^azo-compound is subsequent)' 
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jecompose^J ; the relative amount of fiuoro-compound is greatest when 
jlatinum, least when leaden vessels are employed. The reaction has 
jgeQ further investigated by the author, who, however, has generally 
ised solutions of the bases in hydrochloric instead of hydroEaoric acid 
■ince the reaction is found to proceed in an analogous manner in the 
;ffO cases, 

A solution of o-phenetidinein hydrochloric acid is diazotised by means 
,{aconcentrated solution of sodium nitrite, and the product decomposed 
boiling the solution.^ In these circumstances, decomposition occurs 
jlowly with the production of much resin, from which a definite product 
^uflot be isolated. The portion volatile with steam and insoluble in 
jodium hydroxide contains phenetole (43%) and (Kjhlorophenetole 
| 47 o/) j the soluble portion consists mainly of the ethyl ether of 
jatechol. In addition, ethyl chloride and acetaldehyde are formed. 
The formation of the latter is attributed to the hydrolysis of the 
;thoxy-group with the formation of alcohol, which then reduces the 
iiwo-compound, giving phenetole and acetaldehyde : 

OEt'O^H.-NgCl + HOH = OgH.Cl-OH + K + EtOH 
jnd 0Et'CgH4N201 + EtOH = OgH^OEt + Ng + OgH^O + HCl. The 

relative quantities of aldehyde and phenetole are shown to be approxi- 
mately those required by the equation. In the presence of metallic 
lead, the proportion of phenetole is increased to 78%, but the quantity 
Df acetaldehyde formed is insignificant, reduction of the diazo-compound 
beiug affected by the metal : 

OEfCgH^'NgCl + HCl + Pb = PbCl, + OgHg-OEt + K. 

A series of experiments has been performed with the object of 
ascertaining the most favourable conditions for diazotising o-pheno- 
tidine in the presence of hydrofluoric acid, for which purpose an initial 
concentration of 55% acid is found best. Subsequent decomposition of 
the diazo-compound occurs with extreme slowness, but attempts to 
hasten it by adding the solution to a boiling concentrated solution of 
potassium fluoride in hydrofluoric acid, or by the use of mantranese or 
antimony fluorides, do not yield better results. * 

p-Phenctidine when diazotised in^ydrochloric acid solution and 
sQbsequently decomposed behaves in I manner very similar to that of 
the o-compound, except that the auto-reduction, as well as the action 
of IsM, IS relatively of less importance. 

Elimination of the ethoxy-group appears to take place from the 
ta-compound and not from the free base, since phenetole does not 
yield alcohol when boiled with hydrochloric acid for four hours, and 
^y gives traces of alcohol when hydrofluoric acid is used : analogous 
« 8 are obtained with o-phenetidine,. which, however, yields a small 
kul A when treated with hydrofluoric acid. 

Aldehyde is not formed when aniline is diazotised and the product 
omposed in the presence of a small proportion of alcohol. A 
ftf ®^P®riment in which o-phenetidine is diazotised in the presence 
me calculated quantity of liydrochlorie acid, and the product de- 
t 1 ^ addition of so much alcohol that its concentration is 
riDia e y 10%, shows the formation of considerable amounts of 
VOL. evil. 3 , 
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acetaldehyde : the latter is also produced, but in less quantity, wittout 
the addition of extraneous alcohol. H. ^V. 

The Transformation of Aromatic Nitroamines and Allied 
Subfltances, and its Relation to Substitution in Benzenj 
Derivatives, F. S. Kippihg, K. J. R Oetoh, S. BomMAMa, and 
J T Hewitt [with W. H. Gbat] {Rep. Bnt. Assoe^ 1913, 136-ui) 

J-The behaviour of acetylohloroaminobenzene, which hag been pte- 
vionglT examined in golntiona containing acetic acid, baa now be® 
examined in pure aqueoue eolation. The rate of change in pure water 
is very slow and small concentrations of acids produce only a small 
acceleration. Hydrolysis takes place, followed by reduction at the 
hvpochlorous acid. The transformation of chlorromne into cMoto- 
anilides is quite subsidiary. With con^ntotions of hydrogen chloride 
above y/10, chlorine is not hydrolysed, and the formation of cMotcs 
anilide is the principal reaction. Other acids do not produce the same 
effect. The views as to the mechanism of these reactions put [orwatd 
in previous papers are confirmed (compare Kivett, A., 1913, 

Thiocarbimides. VI. The Addition of J-henol to Thio- 
oarbimides. Wilheim Schkeides and Fritz Wrede (Ber., 1914, 

47 2038 2043) — Some uncertainty exists as to whether phenols can 

condense with thiocarbimides with the formation of thiourcthanes 
(compare Orndorff and Eichmond, A., 1900, i, 157 ; Eckenroth and 
Kock A 1894 i 408). By working with lower temperatures than 

those’previously applied, the authors have been able to prepare additire 
compounds of phenol with phenylthiocarbimide and with alljlthio- 

'“AiTMaimolecukr mixture of phenol and phenylthiocarbimide was 
kept at 80’ for a day and then at the ordinary temperature for sevml 
days; after the addition of alcohol and cooling, an aqueous-alcoholic 
ammoniacal solution of silver nitrate was added, 
silver plitnylimi'iwthiocarbmaie, NPh.C(SAg)‘ , r om * ' . , jj 
yellow crystals, m. p. 186“, separated. A similar result is obtain d 
L mixture of phenol and phenylthiocarb^.de is “^'7 feet 
ordinary temperature for two months. When treated "‘tli “ » 
bromoducose in chloroform solution the silver salt was converted, 
very poor yield, into the corresponding tetra-acelylglwoivie, 

^ ^ NPh:C(OPh)-S'C„HjOjAc„ 

colourless needles, m. p. 169“. The action of hydrogen 
chloroform solution of the silver salt liberated P''®”?' Pij “Lp,,, 
carbamate, NHPh-CS-OPh, colourless needles, _m. p. 143 (wm^ 
Eivier A 1906, i, 948), of feeble odour, which in contact with 
undergoes’gradual resolution into phenol and 

By a similar process to the preceding, but using allylthioc ^ 
the silver derivative, yellowish-green rhombs, decomp. ^ 

phenyl allylthioncarbamate was obtained. ““ f 
gen sulphide in chloroform solution gave phmyl 
g 3 H,.NH-OS-OPh, leaflets or needles, m. p. 51“, whiohjs rather 
stable than phenyl phenylthioncai^^iwte. When heated 



ORGANIC CHEMISTRT. 


i, 951 


and eicesg of ethyl lodido, the silver derivative was converted into 
0 .^henyl-^thyl allyhminoihiocarhomh, C 3 H 5 -N: 0 (SEt)* 0 Ph, a colour- 
less liquid of not unpleasant odeur, b. p. 150—160720 mm No 
crystalline tetra-acetylglucoside was obtainable by the action of 
acetobromoglucose. jy p 

Oxidation of Phenol H. Wiohelhaus { Ber ., 1914, 47 2261). 
^Commenting on a statement recently made by Pummerer and 
Frankfurter, to the effect that nothing is known about the oxidation 
of phenol, the author refers to the production of phenoquinone (A 
1872, 482). J.C.W" 


Catalytic Reactions at High Temperatures and Pressures 
XXXIV. Hydrogenation of Monohydric Phenols V Ipatiev 
and Lugovoi (/. Muss. Phys, Chem. Boc., 1914, 46, 470— 476)— The 
slowness with which quinol is reduced by hydrogen at high pressure in 
presence of nickel oxide or reduced nickel and the small yields of q uinitol 
occasioned by the loss of the elements of water and by the partial rosini- 
fication of the qumol itself have led to the use of simple ethers of 
phenols m the hope that the methoxy-group would not be eliminated so 
easily and that resmification would be avoided. Preliminary experi- 
mente with the ethers of various phenols showed that such expectation 
isfulfi led only incompletely and that, although better yields of the 
normal hydrogenated products are obtained, these are accompanied by 
secondary products often difficult to remove (this vol., i 38). 

When guaiacol is heated for twelve to fifteen hours at 220 340° with 

one-tenth of its weight of nickel oxide in an atmosphere of hydro^ren at 
100 atmospheres, it yields hexahydroguaiacol [2-methoxyc Johexanoll 
mixed with a little c^^cfohexane and about 50% of c^c/ohexyl alcohol, 
fiy treatment of the products with alumina and cupric oxide at 350° 
m M atmoaphere of hydrogen at 50 atmospheres, the o/rfohexyl 
jlcohoi IS converted into cyc/ohexene and may be separated from the 

hexahydrooatechcl 

Hydrogenation of anisole under a pressure of 100 atmospheres in 
presence of nickel oxide at 240° for twenty-four hours yields cycLerene, 
tahydroaniaole [methoxycycfohezane] (about 50%) and cyofohexyl 

Similarly, the diethyl ether of catechol yields about 50% of the 

riri ^“7 apparently in the cir- and 

ms-modifications, b. p. 180—190°, and b. p. 190—200°, D® 0-8997 

into cyrfohexene.’ With the 
nit- r “ tho normal product, a considerable 

portion of cyclohexane seems to be formed. The dimethyl ether of 
hydrogenated product, together with a large 
proportion of methoxyc^c/ohexane. HP* 

Methylallylcycfohexanols, Propyl- 
oycfcHexanole. R, 

tetivklM 75-80)-— THe allyl- and 

7 aliyl-cyciohexaEonea already described (compare this vol., i, 969) 

3 5 2 * 
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on reduction with Bodium in absolute alcohol yield the corresponding 
cvc/ohexanols, and on hydrogenation with active nickel in alcohol at 
60° (compare Brochet, this vol., i, 645) the corresponding propylc^,^ 
hexauones which have been reduced to the cycfohexanols. Tho 

following compounds are described, 

1:1:3: 3-Tetra-allylcycfohexan-2-ol, a viscous liquid, b. p, 
184 — 185°/24 mm. (corr,), not giving a phenylurethane (compare 
Haller A., 1913, i, 630). VMelhyn-tdlyhyi^ohxxan^^-d, a mobile 
liquid, with an odour of menthol, b. p. *)’ f ‘yiag a 

phnylurelhane, a very viscous liquid. 1-^c^M-l : 3 ; 
hexan^1-ol a very viscous liquid, b. p. 160—161 /16 mm. (corr.), not 
aipinff a ’phenylurethane. l-MethylA-allyliiyQloh^n^Z-ol, a mobile 
Swith an odour of menthol, b. p. UO-llf/lS mm., giving a 
phenylurethane, a very viecouB liquid. l-y«(Ay(-2 : 2 : 4 ; 4-(e(ra.aHy(. 
cyoloton-3-o;, a mobile liquid, b, p. 192-193721 mm does notg„e . 
phenylurethane. 1 ■Mdthyl-Z-aUylcjclohexan-i ol, a slightly viscous liquid, 
b p 108°/17 mm. (corr.), giving a phenylurethane^ slender needles, m. p, 
98—99° hMeihyl-^ : 3 : 5 : ^-ieira-allyhychhexan-i^d, a slightly 
viscous liquid, b. p. 173—174717 mm. (corr.), does not give a pheoyl- 

urethane. . „ . i^o j , 

1 • 1 *. 3 : ^- 2 ’eirapropyloyc\(ihexan- 2 -onef prisms, m, p. 43 , does not 
oive an oi'ime, but on reduction gives the corresponding aieohol, a very 
viscous liquid, b. p. 188725 mm. (corr.), not giving a phenylureftane. 

^ colourless, mobile liquid with an 
odour of menthone, b. p. 213’57765 mm. (corr.), gives an m. p. 
70° and on reduction the alcohol, a mobile liquid, b. p. llD /2o mm., 
giving a phenylunlhane, a very viscous liquid. ;3 iS-lri- 

movyley<^\ohtxan-'-l-one is a colourless, mobile liquid, b. p. 152 /14 mm, 
(com), not giving an oxime, but yielding an cdcM,a very viotb 
iiauid b p 173°/27 mm., which does not give a phenylurethane. 
l.#ejL(-4-wopyfcycIoA«man.3-on«, a colourless, mobile liquid witbaD 
odour of menthone, b. p. 2177765 mm. (corr.), gives an o*i^, needles, 
p_ 75 _ 82 ° ; and the corresponding alcohol, a mobile iiqum, b. p. 

yQ 7 10 8°/ 17 mm., giving a phmylurethaTie, a very viscous liqui , 

: 2 : 4 ; i-teirapropyhyc\ohcxa’i'\r^-one, a colourless, very 
viscous liquid, b.p. 181719 M 

reduced to the a?coK a viscous liquid, b. p. 185 /18 mm. (corr.), wh 
does nob gives a phenylurethane. \-Methyl-^-propykyc\oJman-i^^^^^^^^ 
colourless, mobile liquid, with an odour of menthone, b. 
mm. (corr.), giving an oxime, slender needles, m. p. 67 b , 
reduction the ofcoA of, a slightly viscous liquid, b. p. 112/18 
which yields aphenylurethctne, a very viscous liquid. y * • • • 

tetrapropyhjchhexan i‘(me, prisms, m. p. mm’ 

but on reduction the alcohol, a very viscous liquid, b. p. & / a 
( corr,), nob giving a phenylurethane. . , 

^ The hydrogenation of the allylc 2 /cZohexanones thus ^ves a ^7 
method of preparing the V^opj\cyclohQx&nQUGs, ^bic^^^^^ 
obtained by direct alkylation with propyl iodide 
In this hydrogenation the various samples of ® /.Icted 
appeared to possess a selective action as catalysts, in that mey 
the hydrogenation of some compounds and not of others. 
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f the poIyaJlyl ketones certain nickels provoked the rapid saturation 
!f one or two double linkings, and only a slower saturation of the 
others, whilst with other nickels no such difference was observable* 

Compounds of Catechol with Alkaline Salts of Carboxylic 
Acids. Wbinland and Wilhelm Denzel {Ber.f 19H, 47, 

2244 2252). — It was recently found that catechol forms complex 

compounds with its own alkali salts (this vol, i, 625). In the 
oresent paper, similar compounds of catechol with the sodium and 
Ltassium salts of typical carboxylic acids are described. They cannot 
^ explained by Pfeiffer’s views (this vol, i, 831), for, in some cases, 
the partial valency of a single carbonyl group would have to satisfy 
several hydroxyl groups. Since catechol does not combine with the 
free acids, the metallic atom must provide the connecting links, and it 
is therefore assumed that the substances are like co-ordinated aquo- 
coB pounds, in which one molecule of catechol plays the part of two 
naolecnles of water. 

A solution containing equimolecular proportions of sodium formate 
and catechol, when left over sulphuric acid, deposits the compound, 
C H^(0H)2.H*C02lira,H20, in colourless needles and tablets, which are 
feebly alkaline in concentrated solution, A solution containing 
sodium formate and catechol in the ratio 1 : 1*75 deposits the compound, 
2CgH^(0H)2,&'CO2Na, in needles or four-sided columns. Potassium 
formate and catechol in the ratio 2 : 1, yield the compound, 
CeH,(0H)2.H-C02K, 

very large, rectangular tablets ; in the ratio 1:1, the compound, 
7C(;H^(OH)2,4H*C02K,H20, long, thin tablets ; and in the ratio 
1:2‘75, tto compound, 7CgH4(0H)2,2H*C02K, large, transparent 
crystals. A 96% alcoholic solution of potassium acetate and catechol 
in the ratio 1 : 1 deposits the compound, CgH^(0H)g,MeC02'K, long, 
thin tablets, and in the ratio 1 : 2*25 to 2 '75, the compound, 
5C6Hi(0H)2,2MeC02K, 

colourless ectahedra. 

Solutions containing succinic acid, potassium hydroxide and catechol 
in the proportions 1 : 1 : 1 or 2 or 3, or 1 : 1 ‘5 : 2, deposit the compound, 
2CfH^(0R^,G6jH’CgH4*CO3K, in variously shaped, massive crystals, 
the solutions of which are strongly acid j in the proportions 1 : 2 : 1 or 
3, the compound, 3CgH4(OH)2,C2H,(COgK)2,4*5H2(>, which is feebly 
alkaline ; and in the proportions 1 : 2 : 4 or 5, the compound, 
5CfiH,(0H)2.C2H,(C02K)g.Hg0, 

irregular, hexagonal columns. Equimolecular proportions of sodium 
falicylate and catechol give rise to the compound, 

C,H,(0H)2,0H'C,H,-C02Na,H20, 
which is faintly acid in reaction and forms very slender needles. 

J. C. W. 

Synthesis of Natural Inositol Heinrich Wieland and Robert 
8. Wishart {Ber., 1914, 47, 2082—2085). — The authors have suc- 
in reducing hexa hydroxy benzene to an inositol, which, of the 
seven possible isomerides, happens to be the one which occurs most 
commonly in nature. 
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The purest hexahydroxybenzene, prepared from carbon monoxide 
Nietzki and Benckieer’a method, was suspended in water and shaken 
with palladium black, quite free from hydrochloric acid, in an aiuo 
sphere of hydrogen, at 50—55*^, until saturation took place, 'fjjj 
inositol obtained on evaporation of the clear filtrate completely 
identified with the natural substance and also converted into the hexa, 
acetate. C. W. 

Nitration of the Acyl Derivatives of m-Aminophenoi 
[Correction,] Fr^debic Reverdin (£er., 1914, 47, 2216— 2218).,^ 
Id a recent paper (this vol., i, 166) the author reported that he could 
not confirm Meldola's statement that the product of the action of nitric 
acid on diacetyl-m-aminophenol is a mixture of 4- and 6-nitro -3 -acetyl- 
anjinophenols (compare T., 1914, 105, 977, footnote). Having now 
learnt from Meldola the exact experimental details, be finds that the 
above statement is correct. 

Reverdin also described, as the sole product of the nitration at low 
temperatures, G'nitrodiacetyl-m-aminophenol He has now found that, 
even at - 7°, both isomerides are formed, accompanied by the mono, 
acetyl derivatives, that is, the free phenols. The above compound, 
therefore, required digestion with cold sodium carbonate solution in 
order to remove traces of the corresponding phenol. The m. p, is now 
given as 149° and not 113°, and the free 6-Ditro*3-acetylamiiiophenol 
obtained from it is found to have the correct m, p. 220—221°, and not 
200° Jr C. W. 


The Mechanism of the Action of Magnesium Alkyl Haloids 
on Esters. G. Stadnikov (^er., 1914, 47, 2132— 2U2).“In 
extension of his investigations of the oxonium compounds produced 
from magnesium alkyl haloids and ethers (A., 1913, i, 1183, 1335) the 
author finds that esters and magnesium alkyl haloids form similar 
oxonium compounds and that the latter possess the constitution 
suggested by Grignard, namely, R’CO*OR'R"*MgX, for the possible 
decompositions into R*COR* + OR"'MgX, R’COg'MgX + RR and 
R‘C 02 *MgX + JRR' + JR''R" respectively, can in some cases be 
experimentally realised. 

Benzhydryl acetate, b. p. 171—172712 mm., prepared by the action 
of diphenylbromourethane on potassium acetate in acetic acid solution, 
on treatment with an equimolecular proportion of magnesium ethyl 
iodide in the cold, gave a colourless precipitate of an oxonium complex 
which on treatment with water regenerated almost the whole of the 


ester unchanged. 

When benzhydryl acetate was treated in ethereal solution with 
magnesium ethyl iodide, the former being in excess, the mixture od 
boiling gave a certain quantity of ethane with a smaller quantity of 
ethylene, and on subsequent addition of water, besides a further small 
quantity of these gases, methyldiethylcarbinol, b. p. 122—12?/ 
750 mm., and s-tetraphenyldimethyl ether, m. p. 108—109°, were 
obtained together with unaltered benzhydryl acetate. The resu 
indicated a reaction between one molecule of ester and two of orgauo 
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tfnesiiiffl eonipou*i^» the first point of attack in the ester being, not 
Hl^carbonyl group, but the alkyloxy-group. 

°4n excess of benzhydryl acetate and m^esium tsoamyl iodide 
j similar treatment produced methylditsoamylcarbinol, b, p. 
*12—11^7^^ mm., benzhydrol and unaltered benzhydryl acetate, the 
Action having proceeded in a normal manner. 

tinder similar conditions, benzhydryl acetate and magnesium propyl 
odide gs^o during the heating some propane with less propylene and 
little bydrogeil, whilst on subsequent treatment with water, the mix- 
ture yieldod tetraphenylethane, m. p. 208°, s-tetraphenyldimethyl ether, 
ethyldi propylcarbinol, b. p. 169 — 161°/755 mm,, an oily mbgtaiy:^, 

® 147 — 153 °, and benzhydrol. The formation of methyldipropyl- 

^biDol arises from the normal manner of reaction, whilst the tetra- 
bprvlethane is probably produced by a decomposition : 
^ci-CO*OPr{MgI)-OHPh2 = 

' CHg’COg-Mgl + JOHPh^-OHPhj f JCgHg + JC.H,. 

Benzhydryl acetate and magnesium butyl iodide in ethereal solution 
pave some butane and butylene daring the heating and «-tetraphenyl- 
ethane, methyldibutylcarbinol, b. p. 84 — 85°/10 mm., benzhydrol and 
a suhstaMCf b. p. 150— 160°/12 mm., on subsequent treatment with 
water. The formation of the tetraphenylethane is attributed to a 
decomposition corresponding with the last of the three types of 
decomposition mentioned above. 

yyith magnesium phenyl bromide, benzhydryl acetate gave $-tetra- 
phenyldimethyl ether, a st^gtancs, b. p. .130 — 145°/9 mm, and 
aa^-tnphtnylpropylene, CPhMelCPhg, m. p. 121 — 122°, the formation 
of the last named being ascribed to a subsequent action of the organO' 
magnesium compound on the o5-diphenylacetone produced from the 
oxonium additive compound by a primary decomposition belonging to 
the first of the above three types. 

Benzyl benzoate and magnesium phenyl bromide reacted in ethereal 
.solution, giving benzoic acid, phenol, benzyl alcohol, tripbenylcarbinol, 
ID. p. 164^165°, and triphenylethylene, m. p. 72—73° (compare 
Htaudinger and Kon, A., 1911, i, 876). Again, a decomposition of 
the primary oxonium compound has probably occurred according to the 
first of the above possibilities, the resulting phenyl benzyl ketone giving 
triphenylethylene on reaction with more organo-magnesium compounds, 
followed by dehydration of the primarily resulting aa/8-triphenyl- 
ethyl alcohol. D. F. T. 

Diphenylnitric Oxide, a New Organic Radicle with Quadri- 
valent Nitrogen. Heinrich Wieland and Moritz Offbnbacher 
(£« r., 1914, 47, 2111—2115). — Diphenylhydroxylamine has been 
oxidised to the compound, PhgNiO, which bears a great resemblance to 
nitrogen peroxide, with regard both to its colour and its reactivity. 

Better resalte in the preparation of diphenylhydroxylamine are 
obtained by decomposing the mixture of magnesium phenyl bromide 
and nitrosobenzene at once, and not after some hours (A., 1912, i, 
253). An ethereal solution of the compound is shaken with dry silver 
oiide at 0°, when a deep red colour develops. After a few minutes, 
the mixture is dehydrated by sodium sulphate, filtered, diluted with 
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petroleum, and plunged into a mixture of ether and solid carbon dioxi^^ 
About 76% of the theoretical quantity of diplimyluM^ oxide separet^g 
after a short time, in sparkling, deep red needles, m. p. 62^ (decomp.) 
which cannot be kept for more than a day. The compound t 
uni-molecular in benzene, and is, apparently, unassociated at very 
temperatures. It liberates iodine from potassium iodide and change 
thereby into diphenyl amine, quantitatively, and it decolorises bromine 
with the formation of tetrabromodiphenylamine. Concentrated acids 
react explosively, sulphuric acid giving a deep blue solution. 
dark red solutions are decolorised at once by nitric oxide or 
triphenyl methyl. 

The discovery of this compound conBrms the assumption that tie 
red, highly reactive substance, porphyrexide (Piloty and Schwerin, A, 
1901, i, 517, 583), also contains quadrivalent nitrogen, and it may alsi 
strengthen the evidence against a ring-formula, with bivalent nitrogen 
for nitrogen peroxide. J. C. W. 


Oxonium Compounds. IV. G. L. Stadnikov (J. Sws. 

O^em. Soc., 1914, 46, 459— 469).— Tschelincev and Pavlov’s criticisnis 
(A., 1913, i, 461) are refuted and Stadnikov and Kuzmina Aron’s 
conclusions (A., 1912, i, 971) confirmed by the results of further 
experiments. T. H, P, 

Arylsulphuric Acids. Emil Czapek (Mbnatsh,, 19U, 35, 
035 — 642). — Potassium phenyl sulphate is readily obtained by the 
following modification of Baumann’s method. A mixture of phenol 
with 60% of potassium hydroxide and 80% of water is treated at 
60 — 63° with finely powdered potassium pyrosulphate (125%) at such 
a rate that the temperature is maintained between 60° and 70°. The 
mixture is stirred mechanically for eight to ten hours at this tem- 
perature, and is then cooled and repeatedly extracted with boiling 96^0 
alcohol to remove the potassium phenyl sulphate. Fotcugium a-naphibjl 
sulphatCj m. p. 182°, apparently rhombic, pearly leaflets, is prepared in 
a similar manner at 40 — 45\ 

Arylsulphuric acids are obtained easily, generally, and in good yields 
by the following modification of Verley’s method. Phenol (50 ^rts), 
dissolved in a little pyridine or chloroform, is allowed to flow into a 
well -stirred, cold mixture of chlorosulphonic acid (60 parts), chloro- 
form (500 parts), and pyridine (100 parts), the temperature being kept 
below 45°. When the pyridine chlorosulphonate has almost dis- 
appeared, the chloroform is removed below 46° in a vacuum, con- 
centrated aqueous potassium hydroxide (80 parts) is added, the pyridine 
is distilled in a vacuum, and the residue is extracted, firstly with 
petroleum to remove impurities, and then with boiling alcohol to 
dissolve the potassium phenylsulphate. Substantially in the same 
manner have been prepared potassium menihyl sulphate, m. p. 190—198 , 
colourless, silky needles, potassium bomyl sulphate, pearly needles or 
leaflets, potassium quinclyl S-sulphate, slender needles, and potaisiwi 
quinolyl '1-sulphate. 
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The preceding salts do not react with ferne chloride and are con- 
verted into the corresponding sulphonic acids by heating at 150—200°. 

C. S. 

Cadmium Salicylate. W. CEchsnbr de Coninck (Bull Soc, chim,^ 
I9U> [^^1 — 609),— ‘Cadmium carbonate and salicylic acid 

nteract to form cadmium salicylate, which crystallises in plates or 
peedles w monohydrate. In the presence of water at 76 — 77® it 
undergoes partial decomposition with the liberation of salicylic acid ; 
L 105 167° it evolves carbon dioxide, with the production of phenol 

and probably a basic salt, ; above 170° it ebars, 

A. J. W. 

The Hydroxybenzoates. W. (Echsnkr de Coninck (Rev. Gm. 
Chm appl'f 1914» 17, 72—75. Compare A,, 1907, i, 532, 621, 
^042) — A study of calcium salicylate, [CgH^(0H)*C02]2Ca,2H20. The 
salt is soluble to the extent of approximately 28*46 and 15*50 grams 
in water and in alcohol at 16'5 and 1 6*7° respectively. When solutions 
in these solvents are distilled, no decomposition of the salt occurs, 
although after heating with water the salt can be obtained in the 
form of a U'ihydrate. The aqueous solutions acquire a rose-coloured and 
then a yellow tint on exposure to light. Methyl alcohol is an excellent 
solvent for the salt. 

On heating at 100 — 115^, the salt loses IHgO, and at higher 
temperatures undergoes decomposition, giving carbon dioxide, phenol, 

and a so-called basic calcium salicylate, CgH^<C^ ^Ca ; the evolution 

of carbon dioxide commences at 243 — 244° 

Distillation of a mixture of the salt with such acids as formic, ace.tic, 
propionic, gallic, mucic, benzoic, vanillic, and m- and ^-hydroxybenzoic, 
water also having been added, causes liberation of salicylic acid ; 
hydrogen sulphide, the o- and ju-nitrophenols and picramic acid do not 
effect such displacement. 

After heating in a closed tube for fifteen hours at 215°, no indications 
of isomeric change with the formation of m- or jt?-hydroxy ben zoic acid 
were observable. D. F, T. 

Preparation of Sodium Acetylsalioylate [o-Acetoxybenzo- 
ate]. Johann A. W9lfing (D.R.-P. 270326). — o-Acetoxybenzoic 
acid is converted into its sodium salt by treating it, in a powdered dry 
condition, with the equivalent proportion of anhydrous sodium carbon- 
ate in the presence of ethyl acetate. T. H. P. 

iD'Bromotoluic Acids. I. J. S. Zalkind {/. Russ. Phys. Ohm. 
»?oc., 1914, 46, 508 — 511). — m-Bromo-Tp-toluic dcid, CHjBr'CgH^'COgH, 
obtained by the interaction of bromine and p-toluie acid dissolved in 
bromoform, crystallises in plates, m. p. 223°, having a vitreous lustre 
atid an irritant action on the mucous membrane ; on oxidation with 
permanganate, it yields terephthalic acid. The chloro-anhydride, m. p. 
56^, which has an irritating odour, yields the methyl ester, CgH^OjBr, 
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vitreous needles, m. p, 53— 53’5° b, p, 160— 161°/ 17 mm., when treated 
with methyl alcohol. The action of ethyl alcohol and sulphuric acid 
on the free acid yields tikyl fn-tthoxy-^-toluaie, OEt'CHg'CgH^ •C0,Et 
b. p. 277’5— 278-6° 163— 165°/18 mm.; the corresponding ^ 
CjoHijOj, m. p. 78 — 79° which gives torephthalic and acetic acids on 
oxidation, and also its silwr salt were prepared and analysed. 

ta-Bromo o-tolwc acidy CHgBr'CgH^'CO^H, prepared by the action of 
hydrobromic acid on phthalide, forms prismatic crystals, m. p. 1470. 
its mBthyl ester, CgH^OgBr, is a viscous liquid, DJ 1*4136, 1‘386{ 

which emits a vapour having a marked irritant effect on the eyes and 
mucous membrane and decomposes with the formation of phthalids on 
distillation under diminished pressure, T. H, P. 

ai-Bromotoluic Acids. 11. J. S. Zalkikd and A, S. Sbmesov 
(/. Ru 88. Phys. Ghem. Soc,, 1914, 46, 512—517. Compare preceding 
abstract). — <ii-Bromo-m-toluic acid, CHjBr'CgH^’COjH, prepared by 
brominating m-toluic acid in bromoform solution, forms white crystals, 
m. p. 151—152°, and emits a vapour which produces violent itchin» 
of the skin and mucous membrane ; on oxidation with permanganate, 
it yields wophthalic acid. Its ester, OjgHj|OjBr, is an oily liquid, 
b. p. 160 — 161°/10 mm. 

Since w-bromo-m- and -p-toluic acids readily exchange their bromine 
for hydroxyl or ethoxyl, and the o-acid gives up hydrogen bromide 
to form phthalide, the authors have investigated the influence of the 
carboxyl group on the mobility of the bromine atom. With the 
p~ and wi-acids, the action of water proceeds according to the equation 
CH2Br*C6H^*COgH + H2O = HBr + qH*0Hs*CaH4*CO2H, and at 50“ 
when a large excess of water is employed, the values of i 
calculated from the formula for unimolecular reactions are virtually 
constant. 

In the case of the o-acid, the action of water is a reversible reaction, 
which leads to a chemical equilibrium, two-thirds of the acid under- 
going conversion into the lactone : 

CHjBr-CsH.-COsH =: HBr + CsH,<.™i>0. 

At 0°, the values of l/i.log[(2 -a;)/(2 - Zx)] exhibit a gradual but 
marked diminution, apparently owing to the influence of the increasing 
number of hydrogen ions on the velocity of the reaction. Id the 
action of water on benzyl bromide, CHgPhBr -t- HjO 7:^ CHgPh-OH + 
HBr, equilibrium is reached when two-thirds of the benzoyl bromide 
•has been changed. Here, too, the values of A:= l/Llog[(2 - x)l{2 - Sa:)] 
show gradual diminution. 

These results are not all easily explainable, but it is evident that 
the introduction of a carboxyl group into the molecule of boozy! 
bromide renders the bromine atom less mobile, this action being most 
marked in the para-position and least in the meta-poaition. ^ ^ 

Action of Magnesium on Ethyl Phenylbromoacetate, JJ 
Zalkind and A. V. Baskov (/. Rilss. Phys. Chem. Soc., 19U, 
476 — 478), — The action of magnesium on ethyl phenylbromoacetate i 
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lie presence of ether and a crystal of iodine and subsequent decom- 
Kjgition of the product with water yield ethyl ay'diphenylacetoacetate 
d ethyl pbenylacetate, the reactions involved being expressed by the 
fluations; (1) OHPhBfCOgEb + Mg^MgBr'CHPh'COgEt and this 
; uo = CHjPh-COaEt + MgBr*OH; (2) 2MgBr‘CHPh-C02Et = 
LBrCHPh*C(OEt)(0*MgBr)-CHPh-COjEfc and this + 2H2O - 
t^gBr'OH + Et'OH + CHgPh’CO'CHPh’OO^Et (compare Zalkind, A., 
g07 i 22 ; Reformatski, A., 1907, i, 23 ; Zeltner, A., 1908, i, 243). 

T. H. P. 

Action of Magnesium on Esters of o-Bromo-a-phenylpro- 
jionic and Diphenylbromoacetio Acids. J. S. Zalkind and 
Mile.) M. S. PJESCHKKEEOVA {J, Mvss, Fhys. Chem. Soc., 1914, 46, 
1,78— 488).— Zalkind and Baskov (preceding abstract) liave shown that, 
ike other a-bromo-esters, ethyl pbenylbromoacetate yields derivatives 
)f ethyl acetoacetate when treated with magnesium and subsequently 
jith water. In order to ascertain to what extent this reaction is 
reneral for a-bromo-derivatives of phenyl-substituted acids, the authors 
live investigated the action of magnesium on ethyl a-bromo-a-phenyl- 
}ropionate and diphenyl bromcMtcetate. These esters are highly unstable, 
Ihe former readily losing a molecule of hydrogen bromide and the latter 
iichanging a bromine atom for a hydroxyl or ethoxyl group. This 
Mobility of the bromine atom is also manifest in the interaction of the 
isters and magnesium, which dissolves easily in both of them in presence 
if dry ether, so that the addition of iodine is unnecessary for the 
initiation of the reaction. 

The decomposition by means of water of the products formed pro- 
leeds quite otherwise than with the esters of a-bromo-acids previously 
investigated. Thus, with the former of the two esters, the products 
KiQsist principally of ethyl a- phenyl propionate (up to 60%) and of 
(—9% of ethyl atropate, the main reaction taking place thus ; 
[JPhMeBr‘C02Et + Mg = MgBr-CPhMe-COsEt and this d-HgO ^ 
MgBr'OH 4- OHPhMe'COgEt. The mechanism of the formation 
if atropic ester is probably expressed by the equations ; 
MgBr'CPhMe'COjEb =. MgHBr -1- CHglCPh-COaEt and 

CPhMeBr-COjEb + Mg H Br = Mg Br^ + CHPhMe 'COjEt. 
The expected diphenyldimetbylacetoacetie ester is obtained in such 
ima.ll proportion that it could not be separated in the pure state. 

No acetoacetate derivativeat all is obtained from ethyl diphenylbromo- 
icetate, which gives an organo-magnesium compound distinguished by 
tfi ready oxidisability. Although the reaction is carried out in a reflux 
apparatus, so that the vapour of the ether mixes with the air, decom- 
wsition of the product of the reaction by means of water gives benzilic 
icid in 50% yield. Use of an atmosphere of hydrogen causes the 
iDQount of benzylie acid to diminish but not to vanish. A similar 
tendency to oxidation was observed by Schmidlin (A., 1906, i, 392; 
1907 , i, 26 ) with magnesium tri phenyl methyl chloride, 

CPhjj-MgCl + 0 = OPh3*0*MgCl> OPhg'OH, 
this change resembling that now observed by the authors : 
WjEfCPhj-MgBr + 0 = COjEt-CPhs-O-MgBr ^ COgEt'Crha-OH. 

1“ the latter case, when the reaction is carried out in hydrogen, the 
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products consist of diphenylacetic acid (up to 65% yield), benzilic acid 
ethoxydiphenylacetic acid and a very small proportion of a crystaljjj 
m. p. 275°, the constitution of which was not determined th* 
ethozy-acid seems to be formed during the preparation of the 
ester from the bromo-anbydride of a-bromodipbenylacetic acid ibj 
alcohol, 

Thus, of these bromoacetic esters, the phenyl derivative yields 65 v 
of ketonic ester and 22% of phenylacetic ester, the phenyltaethyj 
derivative gives about 60% of ketonic ester and 9% of atropic est/r 
whilst the diphenyl derivative undergoes no condensation. XbiJ 
varying behaviour is regarded as related to the degree of saturation of 
the fundamental carbon atom and of the bromine atom ; as the hydro, 
gen atom of the first ester is displaced by methyl and then by phenj] 
the carbon atom attached to the bromine atom, becomes increasiDgtj 
saturated and the bromine atom itself decreasingly so] from this 
result the diminishing tendency of the carbon to condensation and the 
increasing mobility of the bromine atom or the magnesium derivative 
Ethyl a’h'omo-a.phtnylpro'pionate, CMePhBr'COgEt, prepared from 
the bromo-anhydride of a-hromo-a-phenylpropionic acid and alcohol, 
was obtained as an oily, somewhat impure liquid, Do 1*3369, 
Ethoxydiphenylacetic acid^ OEt’CPbg’COgH, forms crystals, m, p, 
114 — 1150^ and has the normal molecular weight in boiling ether. Itj 
silver salt was analysed. T. H, P, 


Action of Magnesium on Esters of j3-Halogenated Acids 
J. S. Zalkind (/. Euss. Phys. Ghem. Soc.^ 1914, 46, 488 — 504).— The 
action of magnesium on esters of a-balogenated acids yields principally 
ketonic esters, whereas with most carboxylic compounds the reaction 
goes further and leads to the formation of alcohols. The failure of the 
latter reaction with a-bromo- esters may depend on the immediate 
proximity of the group iC'MgBr to the unsaturated carboxyl group, 
BO that the carbon and the magnesium of the group :C*MgBr become 
more saturated and less reactive. Greater separation of the halogen 
from the carboxyl group should therefore be accompanied by increase 
in the capacity of the orga no* magnesium compound to react, and this 
is actually found to be the case. With j8-halogenated esters, indeed, 
the main products are esters of dibasic hydroxy-acid a : 

CBK'Br*Il"*C02Et + Mg = MgEr-CRR'-R^-CO^Et 
and MgEr-CRR'-R^-COgEt + 2MgBr*CRR'*R"’C02Et = 
MgBr*CRR'*R"‘C(0MgBr)(CRR'*R^‘C02Et)2 + 

Br-Mg-OEt CHRR'*R'^‘C{OH)(CBR''R"*C02Et)j. 
To a slight extent, however, the change proceeds in the direction of 
the Wurtz-Fittig reaction, esters of dibasic acids, for example, adipic 
acid, being formed : 

Mgl'CHg-CHa-CO^Et + CHgl-CH.-CO.Et » 

MgI,+_CO,Ef[CHj,-COjEt 

The dibasic hydroxy -acids forming the principal products are either 
viscous liquids or amorphous, colourless solids, which cannot be 
distilled unchanged even in a vacuum. In spite of the ^-position 0 
the hydroxyl to the two carboxyl groups, only the simplest of these 
acids, obtained from ethyl /S iodopropionate, is able to form a lactone. 
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Pi) il B’hromo-p-pfi«nj/lpropiomtet CHPhBrCtJg'COjBt, prepared by 
iJn of hydrobromic acid on ethyl cinnamate, forms a viscous oil 
a pleasant odour, D® 1*3751, J)f 1*3559, < 1-54246. 

' ^ treated with dry ether, magnesium and a crystal of iodine, it 
'ids ethyl jgy-diphenyladipate (9*4%), ethyl /8- phenyl propionate 
Jc and ethyl y-hydrox^-jih-diphmyl-y^-pheHylethylpinielate (47*4%), 
H-0{Cfl,’0HaPh)(CHPh*0H2-CO2Et)2. The acid, corre- 

^ ding with this ester, forms an amorphous, white powder, m. p. 

gild has the normal molecular weight in boiling acetone; 
ts sUwi' 8^^ analysed. 

^o^,.f^o-P‘phenyl<ia-dimethylpropionic acid, CHPhBr-CMeg’COgH, 
oared from phenoiypivalic acid and hydrobromic acid, forms prismatic 
fv^9> P' ester, CigHi^O^Br, prepared from the 

^loro-aD hydride and ethyl alcohol, is a colourless, viscous oil, with a 
’ufijint but slightly irritating odour, b. p. (decomp.) 193— 194°/44 mm., 
C_164 o/i 7 mm., 1*3494, 1*3274, < 1-54654. The ester 

with diflSculty with magnesium, giving a product which with 
Yields (1) 2 '5% of ethyl By-diphenyl-aa^Uetramethyladipate, 

^ C02Et-CMe2-CHPh-CHPh-CMe2-C02Et, 
which forms crystals, m. p. 145*5—146°, and has the normal molecular 
weiabt in freezing benzene ; (2) 36% of ethyl phenylpivalate, b. p. 
235—240° (decomp.), 136— 138°/ 13 mm. and (3) 50% of ethyl y-hydr- 

Irii (iK.divhenvl-yS*-phenylmetkylpropyl-aai€'tetramethylpimelate, 
C02Ph-0Me2-C(0H)(CHPh-CMe5-C0jEt)„ 

1. p. 60—70° ; the corresponding acid, an amorphous, white 

■ >r, m. p. 74 — 80° which has the normal molecular weight in 


filing acetone, its silver salt, CggHagOgAga, and its diacetyl deriv- 
ative, Cgr,H42% white, amorphous compound, were prepared. ^ 

Ethyl *|3-iodopropionate and magnesium readily react, giving a pro- 
duct which with water yields : (1) 13*5% of ethyl propionate ; (2) 5:6% 
of ethyl adipate, and (3) 61% of ethyl y-hydroxy-y-ethylpiraelate, 
which on conversion to the corresponding acid, C^HigOg, undergoes 
partial conversion into the lactonic acid, T. H. P. 


Action of Magaesium on Ethyl /S-Bromo-jS-phenylisobutyr- 
ate. J. S. Zalkind and S. N. Geaboyski {/. Russ. Phys. Ch^m. Soc., 
1914,46, 504—507) — This reaction is similar to those obtained with 
other ^-halogenated acids, the products being ethyl a-benzylpropionate 
(31%) and ethyl y-hydroxy-jSS-diphenyl-yjS'-phenyltsopropyl-ae-dimethyl- 
pimelate (55%). 

^-Bromo-B-phenyl-a'methylpropionio add, CHPhBr’OHMe-CO^H, 
prepared by beating j3-hydroxy-j3-phenyl-a-metbylpropioDic acid in a 
sealed tube with, hydrobromic acid, forms small crystals, m. p. 
106—107°, with a faint odour which attacks the mucous membrane. 
The corresponding ethyl ester, Gj2Hig02Br, is a pale yellow liquid with 
a faint, but irritating odour, 1)4 1*1361, Di® 1*1342, 1*4958. 

y^Eydroxy-B^-diphenyl-yB^ phenylisopropyl-ai-dimethylpimelic acid, 

C 03 H-CHMe-CflPh*O(OH)(CHMe-CH 2 Ph)*CHPh‘CHMe-CO 2 H, 

ifi a white, amorphous compound, m. p. 104 — 105°, and has the 
normal molecular weight in boiling ether. Its sUver salt, CgQH320g Agg, 
and the silver salt of its acetyl derivative, CggHj^OgAgg, were prepared 
and analysed. T. H. P. 
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Transformation of py-Unsaturated Acids by UltrarVioW 
Light. B.SroERMKRand RS tockmann {.B fir., 1914, 47, 1793--^1755/^ 

Ao a ofiva nf fVia Vivlanin >i.n)iA'nTTln!n«1 . '' 


As a representative of the jSy-etbylenic acids, y-phenylvinylacetic 


add, 


in benzene solution, has been exposed to ultra-violet light. Althon h 
the o^/o-form could not be obtained solid, the crystalline o/^-amide S 
isolated and converted by separate illumination into the stable yariet 
y-Phenylviny lace tic acid (Fichter, A., 1907, i, 87) is very sparinJ 
soluble in light petroleum, so this solvent was used to extract tke 
oZfo- variety, about 20% of this being formed in a week or two, Xb 
crude acid was treated with sodium ethoxide, the dry sodimu s&lt, 
converted into the acid chloride, and this poured into concentrated 
aqueous ammonia. The brown mass was recrystallised and yielded 
A\\o-phenylvinylacetamid€f Cj(>HjjON, in white needles, m. p. 85— 
The stable amide, m. p. 130°, and anilide, m. p. 94-5—95° were 
prepared from the corresponding chloride. * J. c. \Y, 


j8-2-Naphthoyipropionic Acid, M. Giua (JSsn, 19U, 47 
2115 — 2116). — Borsche and Sauernheimer have recently described the 
above acid as the sole product of the condensation of succinic 
anhydride and naphthalene by aluminium chloride (this vol., i, 839 ) 
The author had already shown that both the a- and jS-naphthaiene 
derivatives are obtained in equal quantities when the reaction proceeds 
slowly in the cold {Rerid, Soc, Chim. 1912, 239), The mlhjl 
ester of the a-aeid is an oil, whilst methyl p-2‘naphthoylpropionate fonnB 
colourless needles, m. p. 7 4°. J C. W. 


Esters of ortAo Dicarboxylic Acids. Alfbed Kibpal [Mmalsi, 
1914, 35, 677 — 696). — By treating a-ethyl hydrogen hemipinate with 
thionyl chloride in the cold, or, better, by heating it with thionyl 
chloride and an excess of carbon tetrachloride on the water-bath (in 
the absence of carbon tetrachloride, the latter method yields hemipinic 

anhydride), a-eihyl hemipinaie-\l/ -chloride, 

m. p. 102°, colourless prisms, is obtained (compare Egerer and Meyer, 
A., 1913, i, 269). The ester -^-chloride is stable in boiling benzene, 
but is converted by not too prolonged treatment with cold absolute 

alcohol into }j/-eihyl hemipinate, CgH 2 (OMe) 2 <C]^^Q^^£> 0 , m. p. 64^, 


colourless prisms or plates. The ^-ester changes to the normal ester 
(m. p. 72°) at its b. p., and is rapidly converted into a-ethyl hydrogen 
hemipinate by alcoholic hydrogen chloride ; one ethyl group is 
removed as ethyl iodide even by cold aqueous hydriodic acid (compare 
Egerer and Meyer, loe. cit.). The 1 ^- ester is changed to the normal 
ester by alcoholic sodium ethoxide, slowly at room temperature, almost 
instantly by heating. That this change is due, nob to intramolecular 
rearrangement, but to the addition of ethyl alcohol and its subsequent 
elimination in a different manner, is proved by the fact that the 
^-ethyl ester and methyl-alcoholic sodium methoxide yield exclusively 


n 7 7 . 0Me-C:C(0Me)-C-C02Et 

P-Tnethyl a-ethyl hemipinate, CH:CH—cl-CO Me’ 


, 88°, glia- 
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teDing needles. This ester also been obtained from a-ethyl silver 
hemipio^^ methyl iodide, and by the action of alcoholic sodium 
petboxide on normal ethyl hemipinate (again an example of the 
addition and subsequent elimination of an alcohol), 

jS-E^byl hydrogen hemipinate and thionjl chloride yield hemipinic 
jnbydride by warming. At room temperature the product is (impure) 
S-tthyi hemipitwtB tMovtde^ OOjEt'OgH 2 (OMe) 2 *C 001 , which behaves 
like a normal acid chloride, yielding chiedy the normal diethyl ester by 
treatment with cold alcohol, and /8-ethyl hydrogen hemipinate by 
treatment with water. The ^-ester chloride changes to the a-ester- 
^-chloride, slowly at the ordinary tempei-ature, more rapidly by heating 
in an indifferent solvent. 

Some experiments are recorded on the estimation by Ziesel's method 
of mobile methoxy- and ethoxy -groups. 0. S. 


Gallic Acid. Eew. Schwenk (/. pr. Chem,, 1914, [ii], 90, 53—60). 
—An account of unsuccessful attempts to prepare 2 : 3 : 4 : 2' : 3' ; 4'- 
bexabydroxydiphenyl-6 : 6'-dicarboxylic acid, of which ellagic acid is 
considered to be the anhydride, by oxidising gallic acid and its methyl 
ester with ferric chloride. Oxidation of methyl gallate in glacial 
acetic acid solution results in the formation of ellagic acid. The latter 
acid is also formed when the oxidation is carried out in boiling aqueous 
solution, but in this case is accompanied by a substance (probably 
methyl pentahydroxydiphenylmethyloiidecarboxykfce, 

. 00 * 0 . 


CgH(OH) 




^CgH{0H)2’C02Me), 


from which it could not be separated. 

Ellagic acid is not produced when gallic acid itself is oxidised with 
ferric chloride. 

Methyl 3:4: 5-tnacetoxybmzoaU, prepared by heating methyl gallate 
with acetic anhydride, forms rhomboidal crystals, m. p. 120—122“, 
Ethyl 3 : 4 ; 6-triacetoxy benzoate crystallises in rhombs, m. p. 
123-125“. ^ 

Methyl dibromogallate sinters at 155“ m. p, 160—161° (compare 
Bietrix, A., 1893, i, 343), and on acetylation yields methyl 2 : Q-dihomO' 
^:i:b-iriacetoxybenzoate, which crystallises in white rhombs, m p 
150-152° ^ 


Mellitio Acid. Hams Meyek and Kahl Steiner {Momtsh., 1914, 
36, 475 — 518). — After a review of the history of mellitic acid, the 
author gives details for the preparation of this substance by oxidising 
pine-wood charcoal with nitric acid, the yield of crude product being 
48/^ of the charcoal taken (compare Meyer, this vol., ii, 267). 

The ammonium salt forms crystals (with 9 H 2 O) which belong to the 
rhombic system (a : 6 : c = 1*5443 : 1 : 0*5545 ; compare Wyroubov, Bull, 
m. chim.f 1894, [iii], 11, 121). A closer examination of the 
theriaal decomposition of this salt has been made • chemical change 
commences at 100° and is complete at 200°; above this temperature 
further decomposition ensues with formation of derivatives of pyro- 
ttollitic acid. The product at 200° is a yellowish- white powder and 
can be separated by water, as described by Wohler, into insoluble 
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NH 

/\ 

CO CO 

COjH/ \c0-NH-C0'C6{C02H),(C0-NH2)3 

^co“co 

\/ 

NH 


paramide and soluble ammonium euohrooate (innafen, I8ii^ 3 '? 
268). Analysis of the euchrooic acid indicates a formula j,'’ 

instead of the earlier CjjH^OgNj ; the acid is tetrabasic, and as dia\^ 
methane introduces seven methyl grou^, there must also be pres^Q^ 
three ’CO'NH’CO* groups; on hydrolysis, euchronic acid is converted 
completely into mellitic acid, whilst when strongly heated it giy^^ 
pyromellitic acid with partial decomposition. From these results the 

authors deduce for 
euchronic acid tte 
annexed foraiuij 
(compare Mathews 
1899, i, 56| 
Paramide, for which 
mellimide is the 
better name, is 
colourless and amor- 
phous^ when first 
prepared, but on crystallisation from quinoline is obtained in yellow 
needles. 

When amorphous paramide, Cj^HgOgNg, is treated with concentrated 
ammonia solution, a pent amide, CijHgOgNj, of 
mellitic acid is obtained ; the addition of only two 
molecules of ammonia leads the authors to suggest 
that instead of possessing the structure (formula 1), 
paramide has two of its carbonyl groups linked 
differently from, the remainder, namely, between 
the para-positions (as, for example, in formula II). 

The action of dry ammonia on 

I mellitic anhydride, CiA. i't 120’ 
I gives a substance, probably a 
mellitic tri-imide, which is different 
from paramide, and on heating at 
160 — 180° assumes a deep yellow 
colour which disappears on cooling; 
if the anhydride is kept near 200’, 
the action of ammonia is attended 


NH-CO 

Co/\cOn..„„ 

COl 

I \/ 

NH-CO 


(I) 


CO- 




NH 


co- 


(11.) 


NHo 


by decomposition with the formation of a deep blue substance. If the 
mellitic anhydride is in suspension in ether or benzene, dry ammonia 
converts it into an ammonium salt (an- 
nexed formula), a colourless, crystalline 
powder soluble in water. 

The formation and properties of tri- 
methylparamide (compare Meyer and 
Steiner, A., 1913, i, 204) and of the 
anhydrides of mellitic acid (A., 1913, i, 368) are discussed. On boiling 
with methyl alcohol the dianhydride, Cj^gHgOjg, was converted into a 
mixture of estew in which a dimethyl ester predominated, whilst the 
trianhydride, C^gOg, also gave a mixture of which the only isolable 
constituent was a tetramethyl ester, crystals, m. p. 70 — 110^. 


NHj-CO COo-NH^ 
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The Preparation of and d-Oinnamio Acid by Asymmetric 
Induction. Emil Eblenmeyeb [with G. Hilgendoefp and F LandS' 
bebcee] ZeitscK 19U, 64, 296-365).-It is shown that 

optical activity can be induced " in cinnamic acid when the latter is 
heated to 168'’ with optically active tartaric acids. When d-tartario 
acid is used, a small amount of /-cinnamic acid is obtained (which can 
bj dissolved out of the fusion with light petroleum) together with a 
mixture of the mono- and di-cinnamyl tartrates. The latter on treat- 
ment with cold sodium carbonate solution are hydrolysed, and a cinnamic 
acid preparation can he obtained therefrom, of which [a]j> reaches - 20^ 
It is assumed that the cinnamic acid exists in optically active forms 
before it forms the esters. The cinnamates can also be hydrolysed by 
beating with water. The optically active preparations of cinnamic acid 
obtained in this way are free from tartaric acid, as, on heating, they 
sublime without the smallest trace of charing, and are completely 
goloble in light petroleum. The cinnamic acid preparations lose their 
optical activity on Bublimation, or on treatment of their solutions with 
a few drops of sodium hydroxide solution. The dicinnamate can be 
more advantageously prepared by heating the d- or /-tartaric acid with 
ciDcaiuic anhydride. In addition to the ester, cinnamic acid is formed 
in the reaction and this is optically active, the direction of the rotation 
depending on the rotation of the tartaric acid used, the /-form being 
obtained from the (i-tartaric acid, and the rf-form from /-tartaric acid 
Ibe cinnamyl tartrate in both cases also yields an optically active acid 
on hydrolysis. On addition of bromine to the /-acid, an optically 
inactive bromine additive product was obtained. The author develops 
at length his conceptions of relative asymmetry (compare A., 1911, i, 
780), and shows that cases of stereoisomerism in substances containing 
no asymmetric carbon atom are conceivable when his models are 
employed, To represent the asymmetry of unsaturated compounds, 
each as cinnamic acid, he employs a formula of the type 
K‘CHL-CHLRi-, 

of which twelve relative ” isomerides are possible. In this formula 
L represents an unoccupied space. The author also recapitulates his 
various experiments on induced asymmetry. S. B. S. 

Rearrangements of Higher Alkylcoumaric [o-Alkyloxycinna- 
mic] Acids by Ultra-violet Light. K. Stoermer and H. Ladewig 
A 1795—1803). — In some previous experiments (compare 

K 1911, 3, 295) it was found that when the hydroxyl-hydrogen atom of 
co^anc^id is displaced by the methyl or ethyl group, the readiness 
m which the acid is transformed into the coumarinic acid increases, but 
alls again with the introduction of the propyl group. It is now 
f characteristic is still further diminished in the case 

M tbe butyl radicles, only to rise again with the isoamyl group. 

An interesting feature about these acids is that many of their salts 
soluble in benzene and ether ; for example, calcium amyloxycinna- 
^ may even be extracted by ether. The heats of combustion and 
aocution constants of the acids were recorded in A., 1913, ii, 297. 
nawoamyl isomerides are exceptionally similar in m. p.’s and solu- 
evil. i. Q / 
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biUties in organic media. Owing to their similarity, it was of course 
imposBible to separate the isomerides as snch, but their amides differ 
sufiSciently in solubility to be of service. These compounds could otly 
be hydrolysed by Bouveault’s method, whereby the labile form at 
the same time converted into the stable. 

’a-Butvlcoumaric rtrans-CH.BM<y?oa;yci«naww*cl act^, 
C^HgO-CeH^-CHXH-COjH, 

was prepared by heating the sodium salt of methyl coumarate ^ritb 
n-butyl iodide, followed by hydrolysis of the ester. The pure acid, as 
obtained from the calcium salt, crystallises from light petroleum 
(solubility at 17°, 0*447%) in rhombic leaflets, m. p. 89-90", and 
exhibits no fluorescence in alkaline solution, which it might do if not 
free from coumaric acid. The amide forms silky, ^ white needles, 
m. p. 143—144°, and is almost insoluble m light petroleum. 
n-Butylcoumarinic [ciB^ o-Butyloicycinnamic] acid is obtained to tte 
extent of about 70%, when the isomeride is illuminated for ten days or 
BO or it may be prepared directly from coumarin. It is more soluble 
than the < 9 ’an«-acid (16*4% in light petroleum) and crystallises in small, 
thick tablets, m. p. 63—54°. Similarly, when the «m?w-amide is exposed 
to the light for fourteen days in methyl alcohol, 95% is transformed 
into the cis-a?ni<fe, CjaH^jO^N, which forms white, matted needles, 
m. p. 91®. iTBriB-o-hoButyloxycirtnamic acid forms white cryatak, 
m. p. 98°, solubility in light petroleum, 0'385% at 18°, and the amide 
separates in white needles, m. p. 140°. The ck-add is formed to the 
extent of about 67% by ten days’ illumination, has m. p. 75°, and 
dissolves in light petroleum to the extent of 4*61% at 18°. The cis-amitk, 
m. p. 105°, is formed in 95—99% yield by exposing the isomeride bo light. 

trans-o-isOi4»?y/o£C^ciw7Uiwiic acid, Cj^HjgOg, was also purified by con- 
version into the calcium salt. It forms very characteristic rhombic 
crystals, m. p. 79—80°, from light petroleum (solubility 1*56% at 18®], 
and the amide crystallises in slender, white needles, m. p. 144—145®, 
The cis-acid, prepared directly from coumarin, crystallises from light 
petroleum (solubility, 1*53%) in sheaves of slender, white needles, 
m. p. 80— 80*5°. The m. p. of a mixture of the acids was depresjri 
nearly 20°. The cis-amtd« forms slender, white needles, m. p. 76— H. 
It was prepared directly from the irans-acid, by illuminating tbe 
isomeride for ten days in methyl alcohol (yield 90%), and also from rie 
mixture obtained by exposing fow-amyloxyeinnamic acid to the light 
for twenty days (80% of the calculated yield). The sodium, copper, Mutu, 
and calcium salts of the isomeric acids are described. J- 0. 

Esterifications by Ultra-violet Light. R. Stoeemeb and H. 
Ladewig (^«-., 1914, 47, 1 803-1 806).-It has been accidental^’ 
discovered that, when alcoholic solutions of irawfi-cg/ciohexane'l;!' 
dicmrboxylic acid and trarw-c^ciopentane-l : 2- dicar boxy lie acid are 
exposed to ultra-violet light, they are partly converted into mono- and 
di-esters and not transformed into the cw-modifications, as 
expected. Benzoic acid is also esterified under these conditions (311, c 
in 8 days) and the reaction is still further promoted by the presence o 
a trace of hydrochloric acid (56% in 8 days). Cinnamic acid is scarce , 
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affected without the additiou of a trace of hydrochloric acid, but the 
yield of ester may then reach 37% in 8 days. 

gy illuminating trcms-cyclohex&ue-l : 4- di carboxylic acid (Baeyer, 
A,, 1888, 1074) in methyl alcohol for ten days, a 10% yield of the 
methyl hydrogen salt, was obtained, in small, white needles, 

B). p. 135S whilst, after longer exposure, high yields of the dimethyl 
ester, m. p- 71°, resulted, sometimes mix^ with the hemi-ester. 
Similarly, ten days' illumination of ^rans-c^/c/opentane-l : 2-dicarboxyIic 
gcid (Perkin, T., 1894, 66, 572) gave rise to the methyl hydrogen salt, 
CgHigOi, white needles, m. p. 45°, whilst thirty days’ exposure to the 
light resulted in the formation of both esters, in 10% yields. 

J. C. W. 

Preparation of Acetoacetanilide-p-carboxylic Acid. Eahben- 
fabbiken voem. Fhikdk. Bayer & Co. (D.R-P. 272530).— When 
ethyl acetoacetanilide-p-carboxylate, obtained by heating ethyl jt?-amino- 
beozoate with ethyl acetoacetate in absence or presence of a suit- 
able diluent, is treated with an alkali hydroxide and subsequently 
with hydrochloric acid, it is converted into acetoacetanilide-;?- car boxy lie 
acid. T. H. P. 

The Preparation of a Lsevorotatory Benzaldehyde by 
Asymmetric Induction by meana of rf-Tartario Acid; Con- 
version of the same into f -Hand elonit rile and ^/-Mandelic 
Acid; the Nature of Enzymatic Reactions. Emil Erlenmeyeb 
[ with F. Landsberger and G. Hilgendoeff] (Biochem. Zeitsch., 1914, 
64, 382—392). — If a carbonyl derivative is regarded as unsaturated, 
then, if the author's method is adopted, it can be represented by the 
formula CgHjj'CHL'OL, where L indicates an unoccupied position. 
Such a substance should contain an asymmetric carbon atom and be 
resolvable into optical isoraerides. By “ induction ” by means of c/-tar- 
taric acid, a 7-form can be obtained if the acid and aldehyde are 
heated together in alcoholic solution. The 7-aldehyde yields with 
hydrocyanic acid a 7- nitrile, from which by hydrolysis a rf-acid is 
obtained. It is suggested that asymmetric synthesis of the nitrile by 
means of emulsin is a case of “induction,” and that it is by this 
method that enzymes can act. S. B. S. 

Reaction of Nitroprussides with Some Ketones. II. Liyio 
Cambi [Aiti R. Accad. Lined, 1914, [v], 23, i, 812—820. Compare 
*1] 1913, i, 606). — When a solution of nitroprusside in methyl alcohol 
containing acetophenone is added at 0° to a solution of sodium 

methoxide or ethoxide, the >alt, is precipitated, 

h ia a bright red powder, giving precipitates with solutions of iron 
copper salts. The violet copper salt, Q^l^joug, was 

Pf^pared. The violet aqueous solution of the sodium \alt becomes 
yellow on keeping, and ferroaquopentacyanide and the sodium 
of oximinoacetophenone can be isolated from it. The acid sodium 

3 t 2 
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salt, 


rFe(CN)i, 

Lc,h,0,n 


j- Nag, obtaioed by the action of acid on the sodium 

^ ' ■ * ’ch : 

oti 

Acetyl. 


salt already mentioned, is a violet powder which yields blue solufciouB. 
Similar compounde can be prepared from other ketones. Bromo- 
. ... 7 . TFerCNb 1.. 

acetophenone yields the salt, 


acetone gires the salt, ^^ 4 - 


R. V R 


Dimethylallylacetophenone and its Oxidation Products, j. 
Meyeringh and A. Haller {Compt. rend,, 1914, 158, 1957—1961, 
Compare Haller and Bauer, this vol, i, 549),— aa-DimethyI>a-allyl. 
acetophenone on oxidation in the cold with 3% potassium permanganate 
containing 1% of potassium hydroxide yields benzoyl*^- methyl- 
pentane-Sc-diol, obtained by Ramart-Lucas and Haller from Sc-oxido-jg. 
benzoyl-jS-methylpentane on boiling with water (compare this vol,, i, 
695). Attempts to prepare a benzoyl derivative or a phenylurethane 
from the diol by the ordinary methods only yielded the dimeride of 
8e-oxido-j8 beDzoyl-/3*mebhylpentane {loc, eit.), A henzoyl derivative, 
CMe 2 Bz‘CH 2 ‘OH{OH)-CH 2 ‘OB 2 or CMe 2 Bz-GH 2 -OH(OBz)*CH 2 * 0 H, 
m. p. 129°, was, however, obtained by the action of benzoyl chloride in 
the cold in the presence of pyridine. In the original oxidation, the 
amount of potassium permanganate used was equivalent to two atoms 
of oxygen. If the amount is increased to be equivalent to three atoms 
of oxygen the product is y-benzoyl-a-^hydroxy-y methylvoleric acid^ 
0Me2Bz-CH3*CH(0H)-002H, m. p. 152°, which on neutr^ising with 
ammonia yields with silver nitrate a silver salt, a white powder, 
blackening in light. Oxidation of the original acetophenone in warm 
solution yields a certain amount of the above diol, together with 
benzoic acid and carbon dioxide. Cr. 


Syntheses by means of Sodamide. The Alkylcyc^opentan- 
ones, Obtained by Hydrogenation of XJnsaturated Deriv- 
atives Followed or not by Alkylation, A. Haller and E, 
CoBNUBERT {Compt, rend., 1914, 158, 1739 — 1743). — 2 ; 4-Dib6nzyl- 
idene-l-methylcyc/opentan-3-one on reduction in alcoholic solution with 
reduced nickel in an atmosphere of hydrogen (compare Brochet, this 
vol, i, 645) readily yields 2 : i-dibemyl-l-meihylcyclopmtan-^-me, a 
viscous liquid, b. p. 232—233717 mm., which in ethereal^ solution on 
treatment with sodamide, followed by methyl iodide, furnishes 1 : 3'dt- 
benzyl'l \ ^\\-irimtthylcyc\opento.n-2-one, m, p. 74°, b. p. 228°/17 mm. 
The latter ketone on boiling in xylene solution with sodamide yields a 
compound, m. p. 138 — 139° (corr.), which is either aS-d i benzyl- -di- 
methyl or aS-dibenzyl-ay-dimethylhexoamide. 

1 ; 4-Dimethyl -1 ; 3 1 3-triallylc2/c/opentaD-2-one also undergoes hydro- 
genation by the above process, giving 1 : i-dimethyl-l \ 3 ; 
oyclop«n«(m-2-o««, a colourless, viscous liquid, b. p, 145715 mm. (corr.), 
Dl' 0-8955, 1*4649, [a?J -i- 7°10', which on boiling with sodamide m 

xylene gives an amids, b. p. 200 — 205°/ 17 mm., [a]^ + 18°32 , wbic 

is either jSy dimethyl-aa dipropyl- or ay-dimethyl-a8-di propyl -octoamide. 

The following conclusions are drawn from the series of researches. 
(1) cyc^opentanone itself does not ;^readily undergo alkylation, but 
gives condensation products in the presence of sodamide and an alkyl 
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iodide. (2) This is almost as true of l-methylcyc^opeDtan-S-ono, 
although moderate yields of 2-derivatives are obtained. The best 
‘b are obtained by using 2-alkyl or 2 : 5-dialkyl derivatives of cycio- 


rientanone. (3) All the 1:1:4: 4-tetra-alkylcyc?opentanones, on boiling 
ffith sodamide in benzene or toluene yield amides of substituted 
aliphatic acids. (4) Starting with an active c^c^opentanone the 
gu^essive introduction of 1, 2, 3, or 4 alkyl groups into the po.'iitions 
1 and 4, with respect to the ICO group, produces a diminution in the 
specific rotatory power of the substances. W. G, 

The AUylcyc/ohexanones and the Methylallylci/c/ohexanonee. 
R. CoENUBEBT {Compt, Tend,, 1914j 168, 1900 — 1903). — The author 
has prepared all the allyl derivatives of the type •CRg’CO'CRj 
theoretically possible from cyclohexanone, 1 ■methylcyo/ohexan-2-one, | 
l-methylcycZohexan-S-one and l-methylcyc/ohexan-4-one by Haller's 
method {A., 1913, i, 629). 


\.Allykyc\oh«xan-2‘Onef CHg-^x, 


CH^'CHo- 


^CH 2 -CH(C 3 H 5 )^^^' ^ colourless, 

mobile liquid, b. p. 94°/l6 mm. (corr,), giving an oxime, needles, 
m. p. 71'^j I \ $-diaUylcyc\Qhexa7ir2-one, a colourless, mobile liquid, 
b, p. 118 — 120°/15 mm. (corr.), giving an oxime, prisms, m. p. 77°; 
l:\:^-iriallylcye\ohexan-2-(me, a colourless, mobile liquid, with an 
unpleasant ^our, b. p. 147 — 1 48°/ 15 mm, (corr.), does not give an 
oxime; 1 : 1 : S : 3-tetra“allylcyc7ohexan-2-one, a colourless, slightly 
viscous liquid having a disagreeable odour, b. p. 169 — 170°/14 mm. 
(corr.), does not give an oxime. 

\-Metkyl-^-aUylcyc\oIiexan-2-one, a colourless, mobile liquid, b. p. 
96— 97°/14 mm. (corr.), giving an oxime, microscopic crystals, m. p. 
49°; \-methyl-\ \ Z-diallyhyc\ohexan~2-one, a colourless, mobile liquid, 
b. p. 125 — 126°/15 mm. (corr,), does not give an oxime; 1-methyh 
\\Z\Z-inallylcyfi\ohexan~2-otie, a colourless, slightly viscous liquid, 
b. p. 150°/15 mm. (corr.), does not give an oxime. 

\-Metkyl~i-allylcyQ\ohexan-^-one, a colourless, mobile liquid, b. p. 
100 — 103°/17 mm, (corr.), gives an oxime, slender needles, m. p. 80 — 86°; 
l-mc%^2 : i-diallylcydokexdn-Z-one, a colourless, mobile liquid, b. p, 
129— i30°/17 mm. (corr.), gives an oxime, prisms, m. p. 65°; hmethyl- 
I'.i'A-tnallyhycXohexan-^-one, a colourless, slightly viscous liquid, 
b. p. 154 — 156°/16 mm. (corr.), does not give an oxime; 1-methyl- 
2 :2 : 4 ; 4-tetra-al!ylcyc^ohexanoDe, a colourless, viscous liquid, with a 
disagreeable odour, b. p. 17 9°/ 16 mm. (corr.), does not give an oxime. 

\-Methyl-Z allylojdohexan-i’One, a colourless, mobile liquid, b. p. 
105 — 10 6°/ 16 mm. (corr.), gives an oxime, needles, m. p. 97 — 98° 
\^-diallyhyQ\6hexan-i:-one, a colourless, mobile liquid, b. p, 
131— i33°/17 mm. (corr.), gives an oxime, plates, m. p. 73°; \-methyl 
3 : 5 : 5-<ria?^y/cycloA«a:an-4-onc, a colourless, slightly viscous liquid, 
having a somewhat unpleasant odour, b. p. 154 — 155°/15 mm. (corr.), 
does not give an oxime ; \-methyl-Z : 3 : 5 : ^-Utra-allyloyeXohexanA-one, 
a colourless, viscous liquid, with a somewhat unpleasant odour, b. p. 
169°/14 mm. (corr.), does not give an oxime. 

The allylation in all cases gives two products separable by frac- 
tional distillation, the process being less easy as the allylation pro- 
ceeds, All the monoallyl derivatives have an odour of menthone and 
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the yield of them is better the nearer the methyl group is to the 
ketone group, whilst the products of condensation are greater the 
more remote the methyl group is. In no case was an oxime obtainable 
when three or more alkyl groups were present attached to the carboa 
atoms adjacent to the carbonyl group. W. G. 

The Present State of the Chemistry of Anthraquinone. 
Bobeet E. ScBMiDT {BvilL Soc. cliim.y 1914, [iv], 15, i— 
lecture delivered before the French Chemical Society. W. G, 

Yields of Purpurogallin from the Oxidation of Pyrogallol 
\vith Peroxydase and Hydrogen Peroxide. A. Bach 
1914 47 2125— 2126).— The yields of purpurogallin obtained by 
Bach and Chodat (A., 1904, i, 792) from pyrogallol by oxidation with 
I peroxydase and hydrogen peroxide accord fairly well with the maximum 
Yields obtained by Nierenstein and Spiers (A., 1913, i, 1367), namely, 
approximately 16%. It has been stated, however by de Stceckliu 
(Dm , Geneva, 1907) that yields as high as 60% can be obtained, and 
that the poorer yields of the former investigators were due to too high 
a concentration of hydrogen peroxide and too impure a specimen of 
peroxydase That this explanation cannot be entirely correct is showa 
by the formation of a maximum yield of only 26% when the especially 
pure peroxydase obtained by ultra-filtration (Bach, this vol, ii, 691) 
is used, for this peroxydase was twenty times as active as that of 
de Stoecklin^ also variation of the concentration of the hydrogen 
peroxide did not affect the yield to any extent. 

When a solution or purpurogallin in alcohol or acetone is diluted 
with three volumes of water and treated with peroxydase and hydro- 
gen peroxide, there results a violet coloration which is slowly replaced 
by a brown. This reaction will detect two parts of purpurogallin in 

10“® parts of solvent. ^ j • u j 

The most important factor for the formation of a good yield of 
purpurogallin in the oxidation of pyrogallol is probably, thwefove, the 
rapid separation of the purpurogallin in the solid state. D. D. 1. 

Dimethylaminodibydroxybenzophenone. Max Wekziko (&r,, 

1914 47 2152 2156). — When an intiaiate mixture of tetrametnyl- 

diaminobenzophenone, resorcinol, and zinc chloride is heated, a violet 
colour is first produced, and on reaching 220° dimethyl anil me is set 
free. The product at the first stage of the reaction dissolves m dilute 
hydrochloric acid with a reddish-violet colour, and is believed be an addi- 
tive compound of the structure (NMe 2 *CgHj 2 C(OH)*CgH 3 {OH)^ whilst 
the final product, produced from this by scission of dimeth^amiine, 
is dimtihylaminodihydroxyhmzophmcffiBy NMe 2 -Cgtl^*CU*t 6 H 3 (Uiijr 
yellow needles or leaflets ; hydrochloridBy colourless prisms decomp 
230° ; sulphaU and oxalaUy needles ; zincichhridey pale yellow leatlets 
(with 2 H 2 O), decomp, at 225° ^ 

The m. p of the free base was not sharp, crystallisation from diiu« 
solution giving needles, m. p. 165-167°, whilst it was possible to 
obtain leaflets, m. p. 171—172°, from more concentrated solutiom 
is suggested that the base may, like benzophenone, be 
existence in two modifications of different m. p. 
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Octamethyltetraramino-i8-b0iizopinacoUn and ite Reversed 
PinacoUn Rearrangement. S. Fischl (Monaish., 191i, 35, 

K 1 0—5 3 1 Ockameth y Itetra-p-amino-jS-ben zopinacolin, 

(NMvOftHJsC'CO-CjH^-NMeg 

/piscblj A.> 1913, i, 466), is readily formed on heating, with the 
Edition of a small quantity of dilate acid, a benzene solution of the 
.{Qacone of tetramethyldiaminobenzophenone. The pinacoUn {platinU 
microscopic, orange- yellow, rhombic tablets) when heated 
«rith an amyl-alcoholic solution of potassium hydroxide undergoes 
gssion icto hexamethyltri-p-aminotriphenylmethane and p-dimethyl- 
j^j^iQohenzoic acid, thus demonstrating that the nuclear positions of 
attachment are the same in the pinacone as in the pinacoUn. 

Ked action of the pinacone with tin and hydrochloric acid or of the 
pinacoUn with amalgamated zinc and hydrochloric acid (in which case 
a so-called reversed pinacoUn rearrangement occurs; compare Biltz 
and Seydell, A., 1913, i, 297) gives rise to octamethyltetra-amino- 
tetraphenylethylene (pUitimchloride, microscopic, orange-yellow, hexa- 
gonal prisms or needles; stannochlorids, needles), which has already 
been obtained directly from tetramethyldiaminobenzophenone (W’ill- 
statter and Goldmann, A., 1906, i, 980). Sodium and boiling woamyl 
alcohol reduce octamethyltetra-aminotetraphenylethylene to soda- 
^lithT/ltetroraminoteiraphenylethaney colourless, 

lustrous needles, which decompose above 300° ; platinichloridef micro- 
scropic, orange-yellow prisms. The substance, m. p. 90°, obtained by 
Schoop by condensation of dimethylaniline with a-tetrabromoethane, 
and described as octamethyltetra-aminotetraphenyle thane (A., 1881, 
160), is shown to be in reality tetramethyldiaminodiphenylmethane. 

' - T\ TO m 


The Preparation and Properties of the Compounds Given 
in the Tables of the Third Paper of Kehrmann, Havas, and 
Grandmougin [Quinoneimide Dyes]. F. Kehemann (Ber., 1914, 
47, 2156 — 2159. Compare Kehrmann, Havas, and Grandmougin, 
this vol, i, 868), — Details are given as to the preparation of the 
l-aminophenazthioniurn, 3-aminophenazthionium, phenazoxonium, di- 
methyl phenazoxonium, and 3-aminophenazmronium salts mentioned in 
the earlier communication {loc. cit). 

[With IsAC Feancez.] — The action of warm hydrochloric acid on 
3-animophenazthioniam causes a reduction (Pummerer and Gasaner, 
A, 1913, i, 991 ; this voL, i, 735), and the resulting chloroaminothio- 
diphenylamine separates as the hydrochloride, which can be oxidised 
to the corresponding dye by ferric chloride. D. F. T. 


The Constitution of Auramine. E. Grandmougin and S. Favee- 
Ambrumyan {Ber,, 1914, 47, 2127 — 2132). — In order to decide between 
the formula NMe 2 ‘OeH/C(:NH,HCl)-CgH,‘NMe 2 and 
^Me2-C6H,‘C(NH2):06H4:NMe2Cl, 
suggested by Graebe and Stock respectively for auramine, the purely 
chemical evidence being insufficient (compare Semper, A., 1911, i, 
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577 ; StrauBS and Zeime, A., 1913, i, 992 ; Straass and Bormann, A. 
1910, i, 281), the authors have submitted the substance to a spectrol 
scopic test ; the result is in favour of the former constitution. 

Alcoholic solutions of benzophenone, 4 : 4' diaminobenzophenoQe, 
Michler's ketone, auramine base, auramine acetate and acetylauranaiQ^ 
as well as a solution of auramine in concentrated sulphuric acid were 
examined j certain other derivatives have already been investigate^ 
(Grandmougin and Lang, A., 1909, i, 974). Unlike benzophenone^ 
diaminobenzophenone possesses a complete absorption band with ita 
head at 340/i^ In Michler’s ketone the band is situated at 370/t/i, whilst 
in auramine base, for which the curve is of the same type, the band is 
at ZOOfjLfJL. The absorption spectrum for auramine acetate has maxima 
at 310, 375 and 435/xfi, of which the two latter are the more marked, 
the deepening in the colour being indicative of salt formation at the 
chromophoric imino-group, With auramine dissolved in concentrated 
hydrochloric acid or 50% sulphuric acid, the solution is colourless with 
a maximum near 265ju/A, the dimethylamino»group also having now 
entered into salt-formation. The spectrum of acetylauramine resembles 
that of the other members of this group, but has a maximum at 350//^; 
salt formation with this substance occurs at the dime thy lamino -group 
with simultaneous rearrangement to the quinonoid configuration, ?o 
that in solution in acids, the spectrum is quite different from those of 
the preceding substances. D- F* T, 


New Investigations in the Camphor Group. IV. E. Rimini 
(Chem. Zentr., 1914, i, 1653 — 1654 ; from Emd. della Soe, Ckim. Ital, 
1914, 27 — 28). — Traces of a substance of the probable formula 
Ci^HjgBrj are frequently formed during the preparation of bromo- 


pernitrosocamphor. woCamphor is 


COMe 

I 

C 

H,C/^CH 
H2C— C'.CMeg 

(I.) 


and 


COMe 

I 

C 




( 11 .) 


converted by reduction with 
colloidal palladium into 
dihydroisocamphor. On 
oxidation, it ields 
acetone, succinic acid, 
and a-ketoglutaric acid. 

The author is led to 
propose the annexed 


OH 

CH’CHMe, 


formula (I) for isocam phenone and hence formula (II) for tsocamphor, 
The latter has previously been considered as probable by Wallaoh. 

H. W. 


The Electrolytic Reduction of Carvoxime. H. Rupe and K. 
LOffl {Ber,f 1914, 47, 2160—2152). — The reduction of carvone and 
carvoxime by means of hydrogen and a catalyst has already been effected, 
the results varying somewhat with different conditions (compare Wallachi 
A., 1911,i,469jthi8vol.,i,420; Vavon,A,, 1911, i, 730 j see also Law, 
T., 1912, 101, 1061). By reducing carvoxime at a lead cathode 
in aqueous-alcoholic solution containing sodium hydroxide at 15°, 
authors have converted carvoxime into dihydrocar vone, no other 
reduction product being detected. U. F. T. 
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Tbujone and Thnjamenthone ; Direct Passage from One to 
Other. Maecei. Godchot {Compt. r«nd., 19U, 158, 

1307 — 1808 ).— Thujone is readily converted into thujamenthone 
with an eicellent yield by the action of hydrogen in the presence of 
reduced nickel at 175 — 180° W. G. 

Campheneoamphorio Acid and Hydroxycamphenilanic 
Acid. S. V. Hintikka (Chim. Zmtr., 1914, i, 1573; (rom Ann. 
icad. Sci. Fennicae, 1914, Af 5, iii, 1—8. Compare this vol, i, 
^ 09 ^,_HydroxycampheniIanic acid, m. p. 182 — 183°, is prepared in the 
following manner in a yield of about 16%, Camphene is dissolved in 
acetone and so much water added that the solution just remains clear. 
It is then oxidised by the gradual addition of solid potassium 
perDia.nganate. Acetone, unchanged camphene, and cam pheni lone are 
removed in a current of steam. The filtered and concentrated solution 
is extracted with ether and treated with dry sodium carbonate. The 
acid is liberated from sparingly soluble sodium salt by means of 
sulphuric acid. H. W. 

Constituents of Essential Oils : Effect of High Tempera- 
tures on Sesquiterpenes ; Elimination of Terpinene ; Artificial 
Production of the Blue Compound which is Present in Many 
Essential Oils. F, W. Semmleb and W. Jakubowicz {Ber., 1914, 
47, 2252 — 2259). — Direct evidence in support of the view that 
ter penes and sesquiterpenes are nearly related has, hitherto, been 
lacking, for attempts to obtain the former by the decomposition of the 
latter have failed. It is now shown, however,. that at about 330°, and 
under pressure, some typical sesquiterpenes break down into terpen es 
and, apparently, isoprene. Of course, these may react among them- 
selves, and, consequently, it is not to be wondered at that isoprene 
could not be isolated as such. That it is indeed formed is shown by 
the secondary production of diterpenes. An important conclusion’ to 
be drawn is that the heat condensation of simple hydrocarbons, like 
isoprene and terpinene, has an optimum temperature above which 
degradation of the complex molecules takes place. 

In the case of a-gurjunene, the blue compound, which is frequently 
met with in essential oils, was produced. 

Ten grams of pure jS-gurjunene (this vol, i, 704) were heated in a 
sealed tube for twelve hours at 330°, when the brown, fluorescent oil 
was fractionated. The first fraction was boiled with sodium, and then 
had b, p. 60 — 65°/10 mm., Da, 0*8520, 1*4800, which agrees with 

a-terpinene. This was confirmed by the formation of the nitrosite, 
m. p. 154°, The second fraction had b. p. 90 — 130°/ 10 mm., and was 
chiefly unchanged j 8 -gurjunene. The final distillate had b. p. 
170°/10 mm., Dgo 0*9603, 1*54043, and therefore contained a 

diterpene, probably formed by the condensation of isoprene with 
jS-gurjunene. 

a-Gurjunene, with au- 113°, was submitted to the same treatment. 
The product had a dark blue colour. Fraction 1. was colourless, and 
had b. p. 60 — 70°/ll mm., D 0*8643, 1*49143, whicli corresponds 
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with a terpene. It did not yield a solid nitrosite or dihydrochloride 
Fraction II, b. p. 90 — li0°/n mm,, became colourless on boiling 
sodium, and contained unchanged a-gnrjunene. Fraction H[ 
intensely blue, but lost its colour on boiling with sodium, it 
tained a diterpene, b. p. 163 — 176°/^^ ®20 0*9^95, 1 54125 

The blue oil was free from nitrogen. 

Cedrene and caryophyllene were also examined. In each cass the 
molecular refraction of the lowest fraction indicated the presence of a 
terpene, the second fraction contained the unchanged sesquiterpene 
and the 6nal distillate agreed with a diterpene. Oadinene, however 
a representative of the naphthalene type, was scarcely changed. The 
lowest fraction had b. p. 120—1307 vacuum, D 0*9025, % I ’50829, 
od - 7°, and therefore contained practically no terpene, but chiefly ^ 
monocyclic sesquiterpene. J. C. W. 

Oadinene from Daniella thurifera. W. Lknz {5«r., 19U, 47, 
1989 — 1991). — So-called Daniella thurifera resin, a thin, blackish 
brown balsam, can be separated, by distillation with steam, into an oil 
and a rather soft resin. The oil, which is free from phenolic 
stances, was fractionally distilled, when fractions were obtained with 
b. p. ranging from 120° to 290°. After treating with metallic aodium 
the three fractions obtained between 258° and 275° were again distilled 
when two fractions, one colourless, b. p. 259 — 270°, 0-985(1 

a'o ® + 67 ’83°, the other bluish-green, b. p, 270 — 271°, D|^ 0-9845, 
ap ® + 5*89° (tube, 0-2 dem,), were collected. 

When these fractions were dissolved in an equal weight of ether 
and the solutions saturated in the cold with hydrogen chloride, an 
abundant crystalline deposit was obtained ; after repeated recrystallisa- 
tion from ethyl acetate, this solid was found to have m. p. 119° (corr.), 
[a]f'® - 39'82°, and to be identical with cadinene hydrochloride. 

D. F. T. 

Tobacco ReBin. Josef von Degeazia {Ohm. Zentr., 1914, i, 
1196 — 1197 ; homFacUiche Mitkilungen der diterreich. Tahahegu, 1913, 
109 — 1 17). — Tobacco resin was thoroughly investigated about fifty years 
ago by Haid, but his results were not published, and were, in part, lost 
A Kentucky tobacco was used, which, on extraction with alcohol, 
yielded a resin from which the resin acids were precipitated by lime. 
An essential oil was obtained by distillation with steam, whilst a 
neutral resin, C^2H2(j02, remained, which was termed Jceniuelcyn. Three 
acids were isolated from the calcium salts of the resin acids, namely, 
heniuckylinio acid, C 23 H^q 05 , semi-solid, odourless ; keniuckynolic acid, 
OjgHg^Og, greenish-brown, soft, with an odour resembling honey, and 
keniuekynic acid, brown, very brittle, odourless. Haid’s 

methods of separating these acids are unknown. 

The author has employed the residues from certain Turkish tobaccos. 
The material is thoroughly extracted with warm water, and the dried 
material repeatedly treated with alcohol on the water-bath. After 
protracted cooling, the separated plant wax is removed and the alcohol 
distilled. Fatty acids are removed from the residue by treatment 
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^tb hot water. The yield of purified resin is about 260 grains from 

7 kilograms of toba<^. 

'j'be dark gr®y resin is repeatedly warmed with five times its amount 
{ ether. The insoluble portion is worked up according to (1) (see 
later). The soluble portion, after being partly freed from ether, 
is thoroughly agitated with 6% potassium hydroxide. The alkaline 
golution is extracted with ether to remove neutral resin. The portions 
goluble in ether are freed from nicotine and essential oil by distillation 
^ith steam in the presence of alkali. The residue remaining in the 
flask is tabakoreeen (V). The saponifiable portions are separated by 
addition of solid potassium hydroxide and, after acidification, are 
dissolved in ether. Treatment with alkali also causes the saponification 
of a resin ester, the corresponding alcohol of which is less soluble in 
ether than the original ester and is therefore precipitated. By 
repeated solution and precipitation, the originally green precipitate 
becomes white (IV). The ethereal solution containing the resin 
acids is extracted with dilute alkali. Acidification with hydrochloric 
acid yields a mixture of acids which can be separated by lead acetate. 
The alcoholic solution of the resin acids is treated with an excess of 
lead acetate, whereby the lead salt of the jS-acid (II) is separated as a 
dark green precipitate. The filtrate contains the y-acid (III). 

The following data are given for the pure products : I. a-Tobaceic 
acid . — The brown resin which remains aher extraction with ether is 
boiled in alcoholic solution, and the residue, after removal of alcohol, 
is dissolved in dilute alkali. Acidification of the hot solution precipi- 
tates the acid as a powder. It is a brittle, dark brown, odourless, 
amorphous substance, which is probably identical with Haid^s ken- 
tuckynic acid. II. p-Tohaccic acid is isolated from the lead salt (see 
above) and forms a dark green, brittle mass which is probably con- 
taminated with chlorophyll j it cannot be purified by means of its 
salts. (III.) y-Tohaccic acid forms a viscous, brown liquid of un- 
pleasant odour. It does nob yield a lead salt. (IV.) Tahakorcsinol can 
be obtained by the following process in addition to that previously 
given, The resin obtained by extraction with alcohol is warmed with 
water and powdered lime, and finally evaporated to dryness. By this 
treatment, the free and combined acids are converted into the corre- 
sponding calcium salts and the alcohol is liberated. The dry mass is 
extracted with ether to remove neutral resin, and the residue treated 
with boiling alcohol from which the resin alcohol separates on cooling. 
It forms white, microscopic needles, m. p. 219° (uncorr.). Analyses 
agree with the formula (CgHigO);,. The acetyl derivative has m. p. 
154°. (Y.) Tabakoresen^ both quantitatively and also as the odoriferous 
constituent, is the most important constituent of tobacco resin. In 
the concentrated condition it is a reddish-brown, viscous mass with an 
odour of honey. Dilute solutions are golden-yellow. It is not 
attacked by molten alkali. It has 0-941, 1-5169. It com- 

mences to boil at 230°, but decomposes and cannot be distilled 
unchanged under diminished pressure. Analyses and determinations 
of molecular weight lead to the formula (C^gH 320 ) 3 . (YI.) A small 
quantity of a pleasant smelling essential oil, Wi> 1 "4882, is also obtained. 

H. W. 
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Resin Acids Soluble in Water from American Colophonv 
Ludwig Paul (Chm. ZbvXt.^ 1914, i, 1655 — 1666 ; from Chm, 

FeU. Harz.-Ind.f 21, 5 — 8, 36 — 39, 63 — >66, 78 — 80), — America^ 
colophony can bo separated by means of cold petroleum into a soluble 
and an insolnble portion. The latter is soluble, the former spariugU 
soluble, in dilute sodium hydroxide solution, and from the first-named 
solution the sodium salt of the chief resin acid (abietic acid) 
deposited as a slimy precipitate. This is not, however, invariably the 
chief constituent of colophony, and may be a by-product, depending 
on whether large, glassy pieces or dust is employed. The acid ia 
soluble in water or forms soapy emulsions ; it is precipitated by hydro- 
chloric acid as a curdy mass. The filtrate from the above sodiutn salt 
yields a second resin acid, which is readily soluble in sodium hydroxide 
solution, and does not dissolve in petroleum. The former contains 
a resinous imparity, which can be removed by repeated solution. A 
separation of the two chief constituents of colophony can therefore be 
effected by treatment with petroleum or sodium hydroxide, and the 
method can also be used for the identification of these constituents, 
The former acid cannot be completely separated from the latter by 
repeated solution in alcohol and sodium hydroxide and precipitation 
with hydrochloric acid. It appears, therefore, that the latter is 
continuously formed from the former, possibly in the same manner as 
a hydrate from its anhydride. Similarly, the complete conversion of 
the former acid into the latter cannot be accomplished. The best 
method of separating the constituents of colophony consists in treating 
the substance with twice its weight of petroleum. Large, glassy 
pieces yield 2%, dust yields up to 50%, of residue, which consists 
mainly of an acid soluble in water mixed with small quantities of the 
first acid. 

Distillation of Colophony- Petroleum Filtrates . — The crude material 
is a viscous liquid, D ca 0’87. Above 320°, water is violently expelled 
and two distillates, named respectively light and heavy balsam, are ob- 
tained. The former when preserved deposits crystals, m. p. 150 — 160°, 
and are probably indentical with Tsehirch’s y-abietic acid (the substance 
is only present in small amount and does not appear to be characteristic 
of colophony). From the difference in the fractions obtained by the 
distillation of colophony and colophony-petroleum, the author is led to 
the conclusion that the former is a mixture of substances, whilst the 
products obtained by the aid of petroleum appear to be uniform. The 
acid which is soluble in petroleum (and can be obtained as a snow- 
white powder) has m. p. 74 — 75°, which rises after a lapse of time. 
On exposure to air, it forms increasingly large amounts of a residue 
insoluble in petroleum, probably by absorption of water. The 
crumbling of glassy pieces of colophony to dust is probably due to 
the same cause. The m. p. of the acid insoluble in petroleum is 
variable, generally above 100°. 

Chemically, the acid soluble in petroleum resembles colophony. It 
is converted by washing with hydrochloric acid into the form soluble 
in water, and in this connexion the absorbed water appears to be 
particularly active. The behaviour is thus strongly reminiscent of 
starch, ^ 
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The chief constitueot of American colophony, the resin acid soluble 
in petroleum, is thus converted by water into a variety of substancM, 
which, to a ^ater or less extent, exist originally in colophony. The 
(^use of the phenomenon lies in the solubility of these substances in 
yater through which the colophony gradually passes into solution and 
Dossibly suffers a degi^dation of its complex molecule. H. W. 


Mustard Oil Glucosides. IV. Phenylthiourethane-d-gluco- 
gj(je, Wilhelm Schneider and Douglas Clibben (Bar., 1914, 47, 
22 18 — 2 22 4). — The silver salt of phenylthioure thane reacts with 
acetobromoglucose in boiling xylene solution to form Utra-acetylphmyl' 
NPhlOOBfS'CgH^O^Ac^, which separates in 
colourless crystals, m. p. 159°, [a]» - 2 '46°, in s-tetrachloroethane. As 
in the case of the corresponding aliphatic thiourethaneglucosides (this 
vol., h ^ remove the acetyl groups and to obtain a 

crystalline glucoside were unsuccessful. Hydrolysis with baryta water 
yielded only phenylthioure thane and decomposition products of 
tbioglucose. Alcoholic ammonia at room temperature, however, 
yielded acetamide and phenylthiourethane-d.-gluco8tde as a dextro- 
rotatory syrup. The Utter undergoes hydrolysis when left in aqueous 
solution, more quickly in acid solution, in two dh^ctions. On the one 
hand, pbeny lure thane and tbioglucose are formed, as is the case with the 
aliphatic compounds, but, on the other hand, especially in acid solution, 
the products are phenyltbiourethane and dextrose. The latter 
hydrolysis is met with in the case of the natural mustard oil glucosides, 
and the phenyl thiourethaneglucoside therefore occupies an inter- 
mediate position between these and the aliphatic thiourethane- 
glucosides. Myrosin, however, is without inOuence on these synthetic 


When mixed with alcoholic silver nitrate solution, phenylthio- 
urethane-ci-glucoside gradually deposits the silver salt of tbioglucose, 
and, on adding ammonia to the filtrate, the original silver salt of 
phenylthiourethaae separates. The glucoside is therefore decomposed 
in two possible ways. The latter decomposition is in agreement with 
the formation of mustard oil silver sulphates from the natural glucosides. 
It is now also shown (following abstract) that tbioglucose may be 
obtained from sinigrin, and, therefore, the relation between the above 
synthetic glucosides and the natural products is firmly established. 

The silver salt of thioglucoside (ibid.) has been obtained in a purer 
form by dissolving the crude product in water, precipitating the metal 
by hydrogen sulphide, concentrating the filtrate in a vacuum, and 
adding slightly less than the required amount of ammoniacal silver 
nitrate. The compound forms snow-white flocks, m. p. about 165° 
(blackening), and is stable. A very slight excess of silver solution 
causes discoloration. J, C. W. 


Mustard Oil Glucosides. V, Constitution of Sinigrin. 
Wilhelm Schneider and Fritz Wrede (Ber., 1914, 47, 2225—2229). 
—When a solution of potassium methoxide is added to a hot methyl- 
alcoholic solution of sinigrin, potassium t-ulphate separates at once. 
On adding amtnoniacal silver nitrate to the filtrate, the^ver salt of 
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thioglucose is precipitated. This proves that the glucose moleculo ij 
attached to the sulphur atom in the glucoside, and the changes 
be represented by the scheme: CgHg*NIC(O»SOjjK)*S*C 4 H^^ 0 r — ^ 
CjHg’NIOOMe'S’CjHiiOj — > CgHj^Oj-SH. The experience of the 
aliphatic thiourethaneglucosidea has led Schneider to expect but little 
{rom attempts to isolate the methoxy-com pound. 

The above change is, however, not the only action of potassium 
methoxide on sinigrin, for, on precipitating the excess of silver from 
the Bltrate from the above silver salt of thioglucose and evaporating 
the clear solution in a vacuum, a syrup remains which can be crystah 
Used from ethyl acetate. The product 
agrees with the formula OiqHjjOjKS, and 
is called merosinignn. It forms slender 
colourless needles, m. p. 192°, [a]?? +U9'2° 
in water, and is very stable compared with 
sinigrin. It does not give a precipitate on 
boiling with alkaline lead solutions, nor does 
it reduce Fehling’s solution, and it remains 
unchanged by 10% sulphuric acid at 120'^, 
For these reasons, it is considered to be a 
ring condensation product of the annexed 
formula, with which the formation of a iriratiiyl derivative, 


®>c:n-CsH5 
/ CH-O * ^ 
0 I 
\ CH-OH 

\CH 

CH‘OH 

CH,-OH 


colourless tablets, m. p. 177° agrees. 


J, C. W. 


New Method of Converting Barbaloin into jSBarbaloin, 
E, Leger {CmripL rend., 1914, 158, 1903 — 1905. Compare this vo!., 
i, 707), — On heating barbaloin with acetic anhydride and sodium 
acetate for an hour at 100 — 1 1 0° it la converted into a penta-acetyl 
derivative, which is really a mixture of penta-acetylbarbaloin and 
penta-ac6tyl-/3-barbaIoin. This mixture on saponification gives a 
yellow product soluble in a mixture of chloroform and methyl alcohol. 
The first crystals deposited from this solvent consist of barbaloin, but 
the mother liquors on evaporation yield ^-barbaloin in the form of an 
amorphous powder. This substance, so prepared, does not undergo 
isomerisation under the influence of acetic anhydride. W. G. 

Production of Anthocyanins and Anthooyanidina. Arthue 
Ernest Everest (Proc. Roy. Soc., 1914, [.B], 87, 444—452). — Antho- 
cyanin was obtained from yellow wallflower, yellow daffodil, white 
narcissus, yellow or white tulip, white primula, yellow crocus, yellow 
jasmin, primrose and lemon peel by redaction in the cold ; no antho- 
cyanidin is produced under these conditions, and no oxidation, after 
reduction, is necessary for the production of the anthocyauin pigment, 
unless the reduction is carried too far. N. H. J. M. 


Certain Reactions of the Colouring Matter of the Black- 
berry (Rubus Discolor). Guido Vecchi {Cfiem. Ztnlr., 1914, i, 1 209 ; 
from Slaz. sperim. agrar. ital., 47, 60 — 64). — Determinations of the 
intensity of the colour show in 2% solution a cherry-red colour with a 
violet shade i^in 1% solution, the colour is similar but weaker ; in 0’5®b 
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s pure red ; in 0-25%, pink; in 0*05% solution it is colourless in 
layers, pale pink in a layer of 25 cms. The following experiments 
^ 0 effected with a solution of juice (50 c.c.)aud water (250 c.c.), A 
T is not extracted by light petroleum or ether from the acetic acid 
godium hydroxide solution. Amyl alcohol becomes dark violet, 
to carmine-red on addition of hydrochloric acid. The dye 
Tses violet tint on addition of mineral acids or acetic acid ; nitric 
d gives a golden-yellow, sodium or potassium hydroxide a dark 
^reen ammonia or sodium carbonate a violet colour. Hydrogen 
Lroxide is without action on the solution in hydrochloric acid ; in 
^kaline solution it causes a colour change through brown to yellow. 
The acetic acid solution is decolorised by sodium hydrogen sulphite, but 
addition of an excess of sodium carbonate restores the wine-red colour. 

Lakes/rom the Dye of the BlacJcherry , — Lead acetate gives a greyish- 
blue precipitate ; silver nitrate has no action in the presence of acetic 
acid, but gives a chocolate-brown precipitate after addition of sodium 
carbonste. The filtrate becomes yellow on acidification. Barium chloride 
in the presence of sodium carbonate causes a grey precipitate, soluble 
in excess of acetic acid to a wine-red solution ; copper acetate yields a 
bluish-black coloration, stable towards sodium carbonate and becoming 
red on addition of acetic acid. Alum and excess of sodium carbonate 
yield a violet-grey precipitate, and the blackish- violet filtrate becomes 
bright violet on addition of acetic acid. Zinc chloride yields a dark 
violet colour which becomes orange-yellow on addition of acetic acid. 
An excess of sodium carbonate precipitates a grey lake, and the filtrate 
is colourless. The precipitate is soluble in hydrochloric acid to a red 
solution, the colour of which can be extracted with amyl alcohol. 
Zinc chloride and a small amount of sodium hydroxide yield a greyish- 
violet precipitate which becomes yellowish- white on addition of an excess 
of alkali. The supernatant liquid is yellow. H. W. 


Crocetin. Fritz Decker {Arch. Pharm.f 1914, 252, 139 — 160).— 
From analyses of its salts and molecular-weight determinations of its 
acetyl derivative, the author draws the conclusion that crocetin, the 
colouring matter of saffron, has the formula CjqHj^O .2 (compare Kayser, 
A., 1885, 59). The ammonium salt, Oi^H^yOgN, crystallises from 
dilute alcohol in lustrous, red needles ; the poi<is5tw7W, sodiumj aniline^ 
pyrHiMy and quinoline salts are also described. The acetyl derivative, 
CjoHjgOgAc, prepared by heating the potassium salt with acetyl 
chloride, crystallises in red needles, m. p. 174°, Crocetin combines 
with bromine in chloroform solution, yielding a dihromidcy yellowish 
octahedra, m. p. 103 — 104° (decomp.), and must therefore contain one 
double linking. On oxidation with bromine in alkaline solution, it 
yields a compound^ crystallising in colourless, felted 

needles. F. B. 


Lokao Dye. Adolf RfiriGEE {Arclu Phxirm.^ 1914, 252, 165 186). 
— Lokao or China green, a dye which has been entirely displaced by 
aniline greens, used to be extracted by the Chinese, from the bark of 
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the boughs and the roots according to some authorities, from the 
Bowers and berries according to others, of Uhainnui <M<yropli<ira aii(j 
Sfuimnus utilis. The commercial product contains nearly 10% 
moisture, and leaves 33 5% of ash, consisting chiefly of aluminium and 
calcium osides. The author extracts the dye by the French proeees • 
solution in 2 5% ammonium carbonate, precipitation by alcohol 
repetition of these operations until the ash-cootent is only 0*1%’ 
solution of the resulting ammonium salt in aqueous ammonium 
carbonate, and evaporation on the water-bath until crystals begin to 
separate. The substance thus obtained is ammonium lokaonate 
(a di-ammonium salt, C42H^4025(NH4)2, can also hi 
prepared), from which aqueous oxalic acid liberates lokaonic acid 
(Clo6z and Guignet's lokain), bluish-black substance with a 

metallic lustre. The acid is a rhamnoside, and its ammonium salt is 
decomposed by hot dilute sulphuric acid into lokanic acid and a sugar. 
The sugar, to which Kayser has given the name lokaose and the 
formula CgHjgOg, is proved to bo rhamnose, CgHjjOg. 

Lokanic acid (Cloez and Guignet's lokaetin), OggHggOgj, is a violet- 
black, crystalline powder, and yields nitrophloroglucinol, m. p. 
203 — 204°, by treatment with hot nitric acid, and phlorogluciuol and 
delokanic acid by treatment with warm aqueous potassium hydr- 
oxide (1:1). Delokanic acid, C^gHgOg, contains one methoiy-group 
(as also does lokanic acid), but no hydroxyl groups, and is converted 
by nitric acid (D 1'4) into oxalic acid and a substancef CgHyO^N, 
m. p. 129°, orange-yellow needles, which is possibly 2-nitro-5 -met boxy- 
benzoic acid (m. p. 132°). C. S. 

Passage from Oxalacetio Ester to a-Pyrone Derivatives. 
H. Gault {Compt. rend., 1914, 159, 72—75. Compare A,, 1913, 
i, 953; this vol., i, 384, 484). — Oxalocitrolactone, obtained by the 
lactonisation of oxalaeebic ester (this vol., i, 484) on boiling with con- 
centrated hydrochloric acid, yields oxalic acid, tricarballylic acid, a 
chloro-compound, and an acid compound, m. p. 238° which the author 
has shown to be 1 ; 2 -pyrone- 6-car boxy lie acid (compare Lapworth, T., 
1901, 97, 1276). This compound is probably formed from oxalocitro- 
lactone, by opening of the lactonic ring, followed by saponification, 
elimination of 2 molecules of carbon dioxide, dehydration, and sub- 
sequent cyclisation of the resulting oxalocrofconic acid. W. G. 

A New Flavone Synthesis. H. Simonis (Ber., 1914, 47, 
2229—2233. Compare A., 1913, i, 890).— The chromones which were 
originally prepared by condensing phenols with esters of /3-ketonic 
acids in the presence of phosphoric oxide happened to be new. The 
authors have therefore applied this new synthesis to the preparation of 
some chromones which other workers have obtained by other means. 
The method proved to be successful in the condensation of methyl 
methylacetoacetate and resorcinol to 7-hydroxy-2 : 3-dimethylchromone 
(Kostanecki and Lloyd, A., 1901, i, 735), a compound which sublimes 
in long, white needles, but failed in the case of ethyl acetoacetate and 
phenol. It was assumed that the latter ester is transformed almost 
entirely into the ketone in the presence of phenol, and, therefore, the 
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gyji thesis was modified by making use of the sodium derivative of the 
Jter. justified, for the addition of phosphoric oxide to 

g suspension of ethyl sodioacetoacetate and phenol in toluene resulted 
jn the formation of 2-methylchromone (Bloch and Kostanecki, A., 
1900, i, 5^2). Flavone was also readily synthesised by adding 
alternately phosphoric oxide and ethyl sodiobenzoylacetate to a 
golntion of phenol io xylene; the mixture being vigorously stirred and 
fiaally heated to 160° for two hours. J. C. W. 

Conversion of Benzylidenecoumaranones into Flavonols. 

VON Auwbes and P. Pohl {Anncden^ 1914, 405, 243 — 294). — The 
jeaction whereby dibromob0nzylidene-4-methylcoumaran-2'Oae is con- 
verted into 6-methyIflavouol by hob alcoholic potassium hydroxide 
(Auwers and Muller, A, 1909, i, 45) proves to have only a limited 
applicability for the synthesis of flavonol derivatives, and unfortunately 
gives the worst results in the cases of the naturally occurring 

members. 

Xhe condensation of resorcinol dimethyl ether and chloroacetyl 
chloride by aluminium chloride and carbon disulphide yields (n-chloro' 
2.hydr(xcy-i-niethoxyacetopheriom, CH 2 Cl*CO*CgH 3 (OH)'OMe, m. p. 
116° colourless ne^les, which is converted into paeonol by reduction 
^itb zinc and glacial acetic acid. Blom and Tambor’s so-called 
a-bromoresacetophenone dimethyl ether, prepared in a similar manner 
from bromacetyl bromide and resorcinol dimethyl ether (A., 1905, 
j, 916), is shown to consist chiefly of the monomethyl ether, since 
it also yields paeonol by reduction. By boiling with alcohol and 
hydrated sodium acetate, w-chloro- 2 -hydroxy- 4-methoxyacetophenon0 
yields 5-methoxycoumaran-2-one, m. p. 119 — 120°, colourless needles 
(described by Blom and Tambor \loc<, cit] as S methoxycoumaranone, 
m. p. 125°, yellow needles). At 50 — 60° in alcohol containing a 
little concentrated hydrochloric acid, 5-methoxycoumaranon0 con- 
denses smoothly with protocatechualdehyde to form 3' : i'-dihydroxy- 
i-mthoxyhemylidenecoumaran-^onef 

OM6-C,H,<®Q>C:OH-OeH3(OH)j, 

m. p. 228 — 229° (decomp,), greenish -yellow needles {diacetate, m. p. 
152—153°), and with vanillin to form 4'-hydroxy-3' : 5-dimethoxy- 
benzylidenecoumaran-2-one, m. p. 195 — 195-5°, yellow rhombohedra 
(Blom gives m. p. 194°, brown leaflets), either of which reacts with 
methyl sulphate to form 3' : 4' : 5-trimethoxybenzylidenecoumaranone, 
m, p. 183—184° (Blom and Tambor give 189°). 

With the ultimate object of synthesising fisetin, the authors con- 
verted the preceding diacetate into its dibromo-additive compound ; 
however, this and also the dibromide of 3' : 4' iS-trimethoxybenzyl- 
idenecoumaranone proved to be too unstable to be converted into 
davonol derivatives. The dihromide, 

0Me-C5H3<°^CBr-0HBrPh, 

m. p, 191 — 192° (decomp.), of S-methoxy-l-benzylidenecoumaranone 
is more stable than the two preceding dibromides and is converted in 

VOL. evil. i. 3 tt 
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boiling alcohol by i\^/ 10- sodium hydroxide into or^romo ^ rnetkoxy. 
l-benzylidtnecoumdrm OMe*OgHj<^^^^CICPhBr, m. ^ 

176 — 177°, yellow, pearly, hexagonal leaflets, and 7-methoxyflavoDol 
in the ratio about 4 ; 1 j the acetate of 7-methoxyflavonol has m. 
176° (Kostanecki gives 140° : A,, 1904, i, 443). 

The authors employ three criteria to differentiate between flavonolg 
and the isomeric benzoylcoumaranones j the fomer (T.) have a higher 
m. p. j (II.) form in concentrated sulphuric acid yeUow solutions with 
a blue fluorescence ; (III.) do not yield characteristic derivatives with 
diazonium salts. The benzoate^ m. p. 104 — 105°, long, colourlegg 
needles, of a)-chloro-2-hydroxy4-methoxyacetophenone, obtained m 
poor yield from the hydroxy-ketone and benzoyl chloride, is converted 
in benzene solution by prolonged boiling with potassdum carbonate 
into \-benzoyl-6-7nethcxycoumarm-%on6t m. p. 94 — 96°, yellow needles, 
which unlike the isomeric methoxyflavonol reacts with benzenedi- 
azonium chloride in very dilute alkaline solution to form 5-mthoxy. 
ooiwnaran-l ‘.%dion6~l-^)h6nylhydrazoM, 

~ OMe-C8H3<°^:N-NHPh, 

jjj. p. 248 — 249°, golden-yellow leaflets. 

The dichlorides of benzylidenecoumaranones have been examined in 
the hope that they would be more stable than the dibromides. 
Unfortunately, mixtures of chlorinated products are obtained even 
with a molecular proportion of chlorine at 0°. By treatment with 
dry chlorine (6 mols.) in chloroform at 0°, 5-methoxy-l-benzylidene- 
coumaran-2-one yields 4rchl<yro-5-mth(^y-l-hmzylidem(m>m(Mran-%m 

Ukhlmde, OMe-C3H3CI<(?Q>CCl-CH01Ph, m. p. 227-228“ colour- 

lees needles. Since a boiling alcoholic solution of this substance (and 
also of the corresponding dibromide) is converted into Mloro-1’ 
methoxyflavimol, m. p. 197-5-198*5°, faintly yellow needles, by 
iWlO-Bodium hydroxide, whilst the unchlorinated analogue yields 
mainly a-bromo- 5 -methoxy-l-benzylidenecoumaran- 2 -one by such treat- 
ment (see above), it is obvious that the nuclear chlorine atom f^ilitates 
the formation of the flavonol derivative, and the determination of its 
position is of great importance. This has been accomplished as follows: 
5-Nitro-2-aminophenol is converted successively by the Sandmeyer 
reaction, by methylation, and by reduction into e-chloro-m-anisidme, 
the solid diazonium sulphate of the latter is decomposed by dilute 
sulphuric acid at 150°, and the resulting 2~ckloro-\-reaorcinol methyl 

141 162°/13 mm. (once by chance a sample, m. p. 79 — 80 , has 

been obtained), is converted by methyl sulphate and warm alkali into 
A-chlororesorcinol dimethyl etheTf b. p. 135 — 137°/17 18 mm. *8 

ether condenses with chloroacetyl chloride in the pre^nce of aluminium 
chloride, and carbon disulphide to form 6 \ <a-dichloro-2jiy^oxy-i- 
jmihmyacttofhmont, OMe-CeH,Cl(OH)-CO'CH 3 Cl, m. P- 178-5-718“; 
colourless noodles, which is also produced by the cnlormation 
w-chloro-2-hydroxy-4-methoxyacetophenone in chloroform. Hy boiung 
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alcohol and hydrated sodium acetate, 5 : (i)’dichloro-2-bydroxy- 

1- Diethoxyacetophenone is converted into 4-cA/or()-6-mee4o»y(»«»naran- 

2- on«, m. p. 170 — 172° (decomp.), pale 

yellow needles, which condenses with benzaldehyde in alcohol contain- 
ing a few drdps of 8% sodium hydroxide at 60—60° to form i-chlwo- 
^ jjiethoxy-\’hmiiylidm6c<mr^^ m. p. 172*5—173° colourless 
or faintly yellow needles; the dibnmide of the latter has m. p. 219°, 
and the dichloride, m. p. 227—228°, is identical with that obtained 
above by the chlorination of 5-methoxy-l-benzylidenecoumaran‘2-one, 
and is converted into 6-chloro-7-methoxy8avonoI by boiling alcohol 
and iV/1 0-sodium hydroxide, 

S-Chloro-T-methoxyflavonol is proved to be a flavonol, not the 
isomeric benzoylcoumaranone, by the three criteria mentioned above. 
^.CUoro-l-(tcetylr5-mthoxyc<mmaran-2 <>nej m. p. 162 — 163°, colourless 
needles, prepared from the acetate^ m. p. 93—94°, of 5 : (D-dichIoro-2- 
hydroxy-4-methoxyac0tophenone for comparative purposes (the benzoyl 
derivative, which is isomeric with 6 -chloro-7-m ethoxy flavOnol, is very 
difficult to prepare), forms a greenish-yellow solution in concentrated 
sulphuric acid, and reacts with a benzenediazonium salt in very 
dilute alkaline solution to yield i-ckloro-^^methoxycoumaran-l : 2-dione- 

1 - phanylkydrazmSi OMe'CgHgCK^J^^CiN'NHPh, m, p. about 

215—220°, orange, crystalline powder. 

The following substances are prepared by methods similar to those 
recorded above. The condensation of quinol dimethyl ether and 
chloroacetyl chloride in carbon disulphide on the water-bath yields 

ouly (a c}doro-2-hydroxy-5-m9thoxyacetoph€'n<>net “Q- p* 81 — 81 '5°, stout, v, 

yellow needles or irregular leaflets, when freshly prepared aluminium 
chloride is used, but results in the formation of a mixture of this 
substance and (a-cklm'o-2 : b-dimethoxyacetophenone, m. p, 87 — 88°, 
colourless needles, when stored aluminium chloride is employed. 

4-Jlfe^^oa!^cottma?*«n“2-one, m. p. 92*5 — 93*5°, flesh-coloured leaflets, 
forms a red solution in concentrated sulphuric acid ; its aqueous 
solution exhibits a strong blue fluorescence. 

i'Methoxy-l-bemylidemcoumaran-%one, m. p. 131 — 132°, yellow 
needles, forms a dibromidei CigHjgOgBrg, m. p. 142 — 143°, colourless 
needles, and a dichloride^ m. p. 127 — 128°, colourless needles, which 
yield 50 — 60% and 80% respectively of 6-methoxj flavonol in the usual 
manner. 

i'-Hydroxy-Z' \ i-dimethoxy-l-benzylideTiecoumaran-^-onej 
(;Me-C5H3<°^0:CH'C5H5(OH)-OMe, 

m, p. 160‘5 — 161*5°, long, yellow needles, prepared from 4-methoxy- 
coumaranone and vanillin, is converted by methyl sulphate and warm 
aqueous potassium hydroxide into 3' : 4' : i-trimethoxyA~benzylidtne’ 
comiaran-2-onei p. 171-5 — 172°, greenish-yellow needles. The 
action of chlorine on the trimethyl ether yields, according to the 
experimental conditions, a irtcA^oro- derivative, m. p, 177 — 178°, a 

3 2 
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euhstancer m. p. 215—216'^, which is probably impure a-chloro-3' ; 4 ' . 4 , 
t rimethoxy- 1 -benzylidenecoumaranone, 

0 Me-CeH,<®^C:CCl- 0 „H 5 ( 0 M 8 )j, 

and a crude diddoridiy no, p 145 — 153°; from the last substance, 

3 ' ; 4' : 6 'triinethoxyflavonol is obtained in 25% yield. 

Benzylidenecoumaran- 2 -one forms a dihromide^ 

CeH,<^^CBfCHBrPb, 

m. p. 147*5 — 148*5° colourlefs needles, from which flavonol can be 
obtained in 32% yield. ^-Uydroxy-^'-mHkoxy~\d)mzylidemcmriman^ 
2 -cm«, m. p. 203°, golden-yellow needles, prepared from coutnaranone 
and vanillin, is converted by metbylation into 3' : 4 '-cKfn«^Aoxy-l- 6 en 2 j/L 
Mf 0 iec<mmoran- 2 -onfi, m. p. 159—160°, greenish -yellow needles. By 
chlorination (1 mol.) in chloroform at 0 °, the dimethyl ether yields 
the dichloridty which, however, partly decomposes into a-c/i^wo- 
3' : i'-dimethoxi/-l-benzylidmecoumaran-2-one, 

m. p. 211 — 212 °, yellow needles, by crystallisation from alcohol or 
acetic acid. The dibromide^ m. p. about 142°, pale yellow, crystalline 
powder, is somewhat more stable ; it gives only a poor yield of 
3' : 4 '-dimethoxyflavonol. 

l^Benzylidene-^ mthylcmmaran-^oneyin, p. 153°, colourless, pearly 
leaflets, prepared from benzaldehyde and 5-methyIcoumaran-2-oDe, 
forms a dibromide, m. p. 153—154°, colourless needles, 

which is not unchanged by repeated crystallisation and is converted 
by boiling alcohol and iV/lO-sodium hydroxide (2 mols.) into a mixture 
of ix-hr{mio-\-benzylidene-b-meihylcoumaran-^-(m£j m. p. 135—136°, 
yellow needles, and ^-Tnethylflavonol, m. p. 160° faintly yellow needles 
[acetate^ m. p. 122—123°, colourless needles). The isomeric l^henzoyl 
^-metkylcoumaran-^-one, m. p. 84—86°, rosettes of yellow needles, 
prepared from a-bromo-l-benzylid 0 ne- 5 -methylcoumaran- 2 -one and 
Ldium hydroxide in boiling aqueous alcohol, forms a yellow, non- 
fluorescent solution in concentrated sulphuric acid (the solution of 
7-methylflavoDol is yellow with a blue fluorescence) and reacts with 
benzenediazonium chloride in very dilute alkali to form ^-mtthyl- 

coumarari'l i^dione-l’pfbenylhydrazomf CgHgMe<C^^^C.N*NHPh, 

m, p. 239°, golden -yellow, pearly leaflets. 

A survey of the preceding results shows that the production of a 
flavonol derivative is facilitated when the beozylidenecoumaranone 
dibaloid contains a methyl or methosy-group or a chlorine atom 
in the para-position to the oxygen atom of the coumaranone ring, and 
is retarded by a methyl or methoxy-group in the met a -position, or by 
two methoxy-groups in the benzylidene nucleus. 

Since dimethoxy beozylidenecoumaranone dihaloids readily lose 
hydrogen haloid with the formation of a-haloiddimethoxy benzylidene- 
coumaranones, and also give poor yields of flavonol derivatives, the 
explanation of the formation of the latter advanced by Auwers and 
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Milller {loc. involves the intermediate production of 

baloidbenzylidenecoumaranones, must be incorrect. It is shown 
** rim^ntally that a-haloidbenzylidenecoumaranones do not yield 
by treatment with dilute alkali. Consequently, a davonol is 
roduced from a benzjlidenecoumaranone dihaloid only when the 
rupture of the^^coumaranone ring occurs more readily than the elimina* 
tion of hydrogen haloid. Probably the course of the reaction is 
rfioresented by the scheme : 




-CX(OH) 

^ XX .0— CPh 

c. s. 


Oxindigo [2 : 2'-Diketo-A^'^'-diooumaran]. K. FaiEs, A. 

Hassblbach, and L. Schboder {Annaim, 1914, 405, 346 — 372). 

: 2'-DiketO"A^'*'-dicoumaran (oxindigo) (Fries and Hasselbach, 
A. I9n> h 150) is extensively decomposed by alkaline reducing 
agents, but yields well-dehned reduction products in ^ acid solution. 
By reduction with zinc dust and boiling acetic anhydride, 
it yields 2 : 2'-^i^uce^o^l3y-l : V-hUcoumarone {oxindigo-white diacetaie), 

“■ P’ (sintering at 

210°), needles, which is readily re-oxidised to oxindigo. By boiling 
with zinc dust and glacial acetic acid, 2:2'-diketo-A’'*'-dicoumaran 
yields a subftance, Cigtli 2 ^ 4 ’ P* almost colourless prismS) 
which cannot be oxidised to oxindigo and is probably 2 : 2' -dihf^roxy- 

-dicowmO'Tunf 

In contrast to its nitrogen and sulphur isologues, 2 : 2'-dikebo- 
A^'^'-dicoumaran easily reacts additively with primary amines. (The 
only recorded case of a similar reaction in the series of indigoid. dyes 
is that of gallorubin [Feuerstein and Brass, A., 1904, i, 344], which 
also contains the coumaran ring). The additive compounds have the 

formula CgH 4 <^^i^P>C(NHR)*CH<C^$^P>CgH^, and are decomposed 

into their two generators by mineral acids, l-ilwi^ino-2 ; 2'-dikoto- 
I : V-dteoumaran, CggH^^O^N, m. p. 209°, yellow needles, is prepared 
from oxindigo and aniline in boiling benzene. The additive compound 
with j[)‘aminodimethylaniline, m. p. 203°, is identical with the 
condensation product of 2-eoumaranone and 1-jo-dimethylaminoaniI- 
coumaran-l : 2-dione (Fries and Hasselbach, loc. cit.). It is soluble in 
aqueous alcoholic sodium hydroxide without undergoing any profound 
change, and is recovered by acidifying the solution with acetic acid. 
By shaking the alkaline solution with benzoyl chloride, a substance, 
^38^28^6^2* m. p. 220°, is obtained, which is probably 

OBz'CeH,-CO-C(:N-CeH,-NMe2)-C<°(^^!b>0sH,, 

This substance forms a red solution in concentrated sulphuric acid, 
which yields oxindigo and y)-aminodimethyl aniline by dilution with 
water, and is converted by a mixture of glacial acetic and concentrated 
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hydrochlorio acids into |>-amixiodimethyiamline and a suhstaricf 
C„H jg 07 , m, p. 148®, yellow prisms, which doubtless has the forowlg 

OBz'CfiH^'OO’CO’C^^^^^OgH^, because its hydrolysis by sodium 

acetate yields oxindigo, and, moreover, as an a-diketone the substaoce 
reacts with o-pbenylenediamine to form a quinxKcaliM^ ^ 36 ^ 22 ^ 5 ^ 
m, p. 102® (decomp.), greyish -yellow powder. 

By heating with hydrogen chloride in glacial acetic acid in a sealed 
tube in the water-batb, 2 ;2'-diketo-A^'^'-dicoumaran yields o-hydroxy. 
phenylglyoxylic acid and a OjgHjgO^, sintering at 228®, m. n 

255® (decomp.), dark red, metallic crystals, which is isomeric with, but 
apparently not nearly related to, the diketodiooumaran, forms a 
sodium salt, Cj^HgO^Na, and (KSiyl derivative, m. p. 242®, red crystals 
and is changed in boiling nitrobenzene into an isomeric substance 
OjgHjgOi, m. p. 223®, red crystals {acetyl derivative, m, p, 153—154° 
citron-yellow crystals). 

2 :2'-Diketo-6:6'-dimethyl’^^‘‘^'-dicoum(vranj CjgHigO^, m, p. 3950 
(decomp.), stout, yellow needles, has been prepared from 5-methylcou- 
' maran- 2 -one, and 4 :4'-diWoro-2 : 2 '-ifiA»io-A^'^'-diC(mmoran,CjfjBgO^Clj, 
yellow crystals sintering at 288°, m. p. 320°, from 4-chlorocouniaraD' 
2 -one, by series of reactions quite similar to those whereby 2 : 2 '-diket(]- 
A^'^-dicoumaran is produced from 2-coumaranone (Fries and Hassel- 
bach, loe. cit.). 

1 -p’ DimethylaminoanU-5 -methylcpumaran-2-omi 

CuHsM 6 <?Q>C:N- 08 H,-NMej, 

m. p. 1162 °, forms red crystals from alcohol or large prisms with bluish- 
black shimmer from benzene. The condensation proditct, 

C 5 H,Me<P(^C(NH- CeH,-NMe 2 )-CH<pQ>C„H,Me, 

m. p. 245® (decomp.), reddish-brown needles, yields p-aminodimethyl- 
aniline and dimethyloxindigo by treatment with acetic and concen- 
trated hydrochloric acids. Dimethyloxindigo is reduced to 2 : 2' di- 
acetoxy-5 : 6'‘dimethyl-l : V-dicoumarone, m. p. 205®, colourless needles, 
by zinc dust and acetic anhydride, and to 2 : 2' -dihydroxy-^ : S'-dt- 
rmthyl-t^'^'-dicoumaran^ m. p. 172°, faintly yellow prisms [dimetale^ 
m. p. 137°), by zinc dust and glacial acetic acid. By treatment with 
hydrogen chloride in glacial acetic acid at 100 °, dimethyloxindigo 
yields 2 -hydroxy-p tolylglyoxylie acid and a cmpmwi, C. 3 H., 0 „ 
m. p. 246° (decomp.), dark red crystals. 

y>-Chlorophenol and chloroacetyl chloride react at 130—140° to form 
'^hlorophsnyl (ddoroacetatei m. p. 36®, b, p. 181°/45 mm., which is 
converted into 5 ; (ji-dichloro-2-hydroxyaeetophenoine^ 
OH-CgHgCl-CO-OHjCl, 

m. p. 65®, colourless needles, by aluminium chloride at 140 — 150° and 
sub^uent treatment with ice. 

6 :a»-Dichloro-2-hydroxyacetophenon6 is converted by boiling alcohol 
and hydrated sodium acetate into \-chlorocoumamn’2-onet m. p. 117 , 
leaflets, which forms a hsnzylidsns derivative, 

CjH 3 Cl<^Q^ 0 :CHPh, 
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109 ° pale yellow needles. 4-(74Zor(>-l-p-<liTnet)^amt»oa»i?" 
C,H.01<^:N-C,H,-NMe,„ m. p. 168^169“ 

red needles with a golden lustre. The condensation product, 

4 : 3'-(itAeto-l-p-diTn«<Ay/(watn<wat/tw)-l ; V -dicovmarany 

01 p (docomp.), crystallises in brownish-red needles, C, S. 

2.Thionaphthen*2-coumaroneindigo [Thionaphthenquinone' 
A 2 i!i .coumaran-2'-one]. K. Fries and E. Bartholomaus (inno^en, 
1914 406, 373—394). — Thionaphthmqv,inom-^^ ■ -coumaran-^* -OfM 

(2 - ihiorMphlhm - 2 - coumaroneindigo)^ C<C^]>C 5 H 4 , 

intering at 272°, m. p. 292°, red needles with a faint yellowiah-green 
* ' ' ' quite analogous to that used in the 

^'-dicoumaran (preceding abstract). 
1 : 2-dione and S-oxythionanhthen 
,he additive compowndy 

C„H,<^o^qNH-CA-NMe2)-CH<‘^g°>0eH„ . 

01. p. 220° (decomp,), reddish-brown needles j this substance, which is 
also prodaced from 2-coumaranoneand thionaphthenquinone-p-dimethyl- 
amino-2-anil (Pammerer, A., 1910, i, 510), is decomposed into ;?-amino- 
dimethylaniline and thionaphthenquinone- A^=’'-eoumaran-2'-one by 
fflioeral acids. ^ . , . , . 

The fact that the same additive compound is obtained in each of the 
preceding reactions, although the second method tnight be expected to 
yield an additive compound of the formula 

CeH,<.s^C{NH-C6H,-NMe2)'CH<^|®>0„H„ 

does not invalidate the explanation previously given of the course of 
the formation of oxindigo (preceding abstract) and similar indigoid 
dyes. The authors are of opinion that in all cases, where such dyes 
are prepared by methods similar to that here mentioned, the first 
product is an additive compound, which decomposes very rapidly into 
the indigoid dye and an amine ; only in exceptional cases (oxindigo, 
preceding abstract j gallorubin, Peuerstein and Brass, A,, 1904, i, 344) 
are such additive compounds stable. In this case, the two products 
of decomposition of the additive compound are thionaphthenquinone- 
A^=’'-coumaran-2'-one and y?-aminodimethylaniline, which, however, 
readily unite, as is shown experimentally, to form the additive 

compound, CgH^<C^^^C(NH*CgH^*NMe 2 )*CH<C 5 g^^CgH 4 , actually 
isolated. Thionaphthenquinone-A^ ‘ ^'-coumaran-2-on0 also combines 
with aniline to form the additive compound^ 

CeH.<P°>C(NHPh)-OH<:“>C„H„ 
in. p, 170— 173° (decomp.), ruby-red crystals, and is reduced by zinc 
dust and acetic anhydride to 3 : ^'•diacBtoxythionaphlhenr^ : V-Goumarona 

CGH^<gl^^f^O-C<Qi^^fl>CgH 4 , m. p. 193°, colourless needles. 


reflex, is prepared by a meinoa 
preparation of 2 : 2'-difcebo-A' ^ 
l-«-DimethylaminoaniIcoumaran- 
in boiling toluene to form t 
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The additive compound, 

C,H,<5>C{NH-CA-NMe,)'CH<^C,H„ 

ia soluble in aqueous alcoholic sodium hydroxide, the ditodiurn 
Cj4H,80gN2SNa2, brown needles, being forired. The dimthyl ether 

OMe-C,H,-CO-C(:N-C5H,-NMe3)-C<gi5!^!b>C6H4. m. p. 204= 

comp.), reddish-yellow plates, and corresponding dihenzoyl derivative 
m. p, 204r*5°, brick-red, rhombic crystals, are prepared by the actioQ 
of methyl sulphate and benzoyl chloride respectively on the alkaline 
solution. 

The dibenzoyl derivative is converted by boiling glacial acetic and 
concentrated hydrochloric acids into the compound^ 

OBz'C,H^-CO-CO'C<gl^f^>CeH„ 

m. p. 182*^, faintly yellow needles, and p-aminodimethylaniline ; the 
former is converted into thionaphthenquinone-A®'^'-coumaran-2'-oDe by 
I diluting its solution in concentrated sulphuric acid with water. 

The, jompcund, OH-OjH,-CO-CO-CH<Pg°>CeH,, m. p. 169«, 

brownish-red needles, has been obtained (i) by hydrolysing the preced- 
ing dibenzoate, Cg^H^gOgS, by iir/2-sodium hydroxide and boiling 
alcohol; (ii) from thionaphthenquinoDe-A^'^'-coumaran-2'-^)De in a 
similar manner, or by boiling it with glacial acetic and concentrated 
hydrochloric acids (by more prolonged heating, a suhsimeey m. p. 280°, 
colourless prisms, is obtained), and (hi) synthetically from ethyl 
o-hydroxyphenylglyoxylate and 3-oxythionaphthen in the presence of 
boiling alcoholic sodium ethoxide. The compound reacts with 
o-phenylenediamine to form the guimmlinei m. p. 263° 

(decomp.), brownish-red needles, and is converted into tbionaphthen- 
quinone-A^'^'-coumaran-2'-one by heating at about 1 87° or by solution 
in concentrated sulphuric acid. It is oxidised by alkaline potassium 
ferricyanide presumably to 3-oxythionaphthen-2-carboxylic acid and 
“ thioindigo ” is produced. 

Coumaran-l : 2-dione and 3-oxythionaphthen in glacial acetic acid 
at about 80° are converted by concentrated sulphuric acid into tkio- 

« aphthen quinone - A^ ' ^ - coumaran - 1 '-one, C*gH4<C^^C I C<^ 

m. p. 242°, red needles, which forms a blood-red solution in aqueous- 
alcoholic sodium hydroxide ; the solution becomes pale yellow when it 
is acidified by acetic acid, and yields the indigoid compound when it is 
acidified with concentrated hydrochloric acid. Doubtless the red 
and the yellow solutions contain respectively the disodium and the 
moDosodium salts of the hydroxy-acid, 

CeH.<Pg°>C:C(C03H)-C,H,-0H, 

formed by the rupture of the lactone ring; the hydroxy-acid itself 
could not be isolated. 

3-Oxythionaphthen and ethyl oxalate condense in the presence of 
alcoholic sodium ethoxide to form, after acidification, S-hydroxythio- 
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CgH 4 <[^g^^C‘CO*COjH, orange needles, 

p, p. 173° (dcoomp.)» or yellow needlea containing H^O. It forms a 
violet solution in concentrated sulphuric acid, yields a potassium salt, 
citron-yellow needles, and ethyl ester, m. p. 94'’, yellowish -brown 
needles, and reacts with boiling aniline to form oxanilide, the anil, 
m p. 179° brownish-yellow needles, of 3 - hydroxy thionaphthen- 
jj aldehyde, and d-keto-'2 : 3‘dihydrothionaphtken'd-anil, 

m. p. 87°. C. S, 

Azoniethines Derived ^om Phenylwooxaaolone. Andb£: 
jtxvEB (Bull. Soc. diim,, 1914, [iy], 16, 609 — 613). — An ineffectual 
attempt to prepare ammophenyltsooxazolone by reduction of oximino- 
phenylwooxazolone, and to oxidise it to a symmetrical rubazonic acid, 
Redaction of oximinophenylisooxazolono in dilute alcoholic solution 
vith tin and hydrochloric acid yields benzylamine hydrochloride ; the 
platinichloride has m, p. 197 — 198° (decomp,). Keduction with zinc 
and acetic acid produces benzonitrile and benzylamine, with a small 
proportion of a substance, probably aminophenyliaooxazolone, which 
could not be isolated. A. J. W. 

J-Demethylocodeine. Otto Diels and Ernst Fischer 1914 
47, 2043 — 2047). — Ethyl azodicar boxy late combines quite generally 
with amines, producing colourless additive products (Diels and Fritzache, 
A., 1911, i, 957 j Diels and Pa quin, A., 1913, i, 839), the hydrolysis 
of which offers a method for the dealkylation of amines; thus the 
crystalline additive compound of ethyl azodicarboxylate and dimethyl - 
amine on wanning with dilute acids undergoes fission into ethyl 
j-hydrazinedicarboxylate, formaldehyde, and metbylamine. 

It has been found that such substances as methylpiperidine, atropine, 
morphine and codeine can be demethyl ated in this way, and the results 
with the last-named base are described. 

Codeine readily condenses with ethyl azodicarboxylate in methyl- 
alcoholic or acetone solution, and the action needs to be moderated by 
cooling; the additive compound is a yellow, amorphous powder, which 
on warming with i7-hydrochloric acid is resolved into formaldehyde, 
otbyl S'hydrazinedicar boxy late, and the hydrochloride of a substance, 
Cj-HjgOgN, designated ^-demeihylocodeine, derived from codeine by the 
removal of methyl from the nitrogen atom. A"-Demethylocodeine 
forms small, hexagonal leaflets, m, p. 185° ; hydrochloride, needles, 
decomp. near 314°; diacetyl derivative, needles (from benzene), m. p. 
176—178°. D. F. T. 

Ephedrine and i/^-Bphedrine. Ernst Schmidt {Arch. Pharm., 1914, 
252, 89 — 138). — A recapitulation and'extension of previous work on 
the constitution of ephedrine and j/f-ephedrine (this vol., i, 78, and 
earlier abstracts). 

Oa oxidation with potassium ferricyanide in alkaline solution, 
ephedrine yields benzaldehyde, ammonia and metbylamine, together 
with htnzylidene-ephedrim, which separates from ether in lustrous, long, 
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broad needles, m. p. 72—73®, and is also formed by the condenBation 
of bonzaldehydo and' ephedrine in the presence of aqueous sodioj^ 
hydroxide. .The benzylidene compound yields a reddish-yellow 
amorphous plaliniehloridef and a golden-yellow, microerystalijij^ 
avriefUmde, 20iYHi^0N,HCl,AuCaj. It isalsoformed by the oxidation 
of ephedrine with potassium permanganate pr with chlorine and bromine 
in alkaline solution. 

£e7izylidene-\l/-ephedrin9t obtained by the oxidation of ^-ephedrine or 
by the direct condensation of benzaldehyde and ^-ephedrine in the 
presence of aqueous sodium hydroxide, crystallises in transparent, 
tabular or leafy crystals, m. p. 65®, and forms a reddish-yellow 
chl<mde. Both the benzylidene compounds are readily resolved hy 
warm hydrochloric acid into their components, and receive the follow, 
ine provisional constitution : 

OH'CHPh-CH(NHMo)-CH:CHPh. 

Although ephedrine and ^-eph^rine readily undergo interconversion 
when heated with hydrochloric acid at 100°, their hydrochlorides 
remain unchanged when heated with water at 200 — -205°. 

On distillation in an atmosphere of carbon dioxide, ephedrine and 
^ephedrine hydrochlorides decompose into propiophenone, ammonia, 
methylamine and trimethylamine. When heated with phosphorus 
pentabromide, both bases are converted into aAromo-^-msMyZamino- 
propylbemens, CHPhBr-CHMe’NHMe, which forms a Aydro^omidg, 
crystallising in colourless, transparent leaflets or plates, m. p. 174’5“ 
(decomp.) ; the hydrochloride also crystallises in leaflets or plates, m.p. 
176 — 1770 ; the platinickloride forms small, lustrous, reddish-yellow 
leaflets, m. p. 188—189° (decomp.) ; the owricA/mrfe, yellow leaBets, 
m. p. 138 — 139°. 

The above-mentioned hydrobromide has [a]o - 92*54° in aqueous 
solution, and - 92*79° in alcoholic solution. 

The rotation in aqueous solution gradually diminishes, and finally 
becomes positive, owing to the conversion of the bromo-hydrobromide 
into ^jf-ephedrine hydrobrmiidt, m. p. 179°, which is accompanied by a 
small amount of e^drina hydrobroTiiidCt m. p, 205°. 

When heated with acetic anhydride the hydrobromide yields an 
acetyl derivative, CHPhBr*CHMe*CMeAc, cryscallising in colourless 
columns, m. p. 175°, [ajn -h80 0° in aqueous solution. 

On treatment with silver nitrate in aqueous solution the acebyl 
derivative is converted into acetyl-^-ephedrine, which has m. p. 
101 — 102° and forms a platiniehloride. 

^-Methylaminopropylhenzeney CHgPh’CHMe'NHMe, obtained by 
reducing the bromo- derivative (above) with zinc and hydrochloric acid^ 
forms a hydrochloride (colourless, tabular crystals, m, p. 172°, Wd 
- p 19*14° in aqueous solution), a platiniehloride (reddish-yellow needles, 
m. p. 202°), and an aurichloride^ crystallising in twisted needles, m. p. 
126° ; it is accompanied by methylamine and propyibenzene. 

When kept for fifteen minutes in sulphuric acid solution at the 
ordinary temperature, both ephedrine and i/f-ephedrine give rise to the 

compound, A columnar or tabular, colour 

^ CHMe'NHgMe 
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legs crystals, id. p. 24i® [0^^+109*09° in aqueoog solution, and is also 
obtained by the action of silver sulphate on a>bromo*j3*methylamino- 


■/3*methylamiD0- 


p^pylben WQfi hydtobrom ide. It is accompanied by a eo mpound, 

which a plaftntcWorids, CgQH2g0Ng,H2PtClg,3H20 (small needles, 
n 226 — 227°), and an awrichlc^6f B,2HA.uCi4, lustrous needles, 
163-184°. , . . . 

If the action of the sulphuric acid is continued for five days, 
jjedrine and ^-ephedrine are converted into a yellow, amorphous 
lhstanc«i which the author considers to be an apos^dn'ns, 

^ NHMe’CHMe-OPh.-CPh-OHMe-NHMe ; 

the auncHoride, jdatinichloridet dibromide and additive compound with 

mercuric chloride are all amorphous. 

Ofl treatment with bromine* in chloroforni solution, ephedrine and 
^^gphedrine give rise to the corresponding hydrobromides. 

The above results confirm the author’s view that ephedrine and 
riue are stereoisomerides having the constitution 
OH-OHPh^CHMe-NHMe. 

P. 


preparation of Double Halogen hydracid Salta of Alkaloids 
of the Morphine Series. C. P. Boehringer & S^hne (D.R.-P, 
270575). — These double salts may be obtained by crystallisation from 
solutions containing equimolecular proportions of the separate salts, in 
presence or in absence of a precipitating agent. Descriptions are 
given of : morphine narcotine hydrochloride, short prisms, m. p. about 
200°; codeine nc^cotine hydrochloride, prisms, m. p. 200° (decomp.); 
and morphine narcotine hydrobromide ( + 2HgO), needles, sintering and 
turning brown at 170°. T. H. P. 


A Base, CjjHqON, from the Action of Aluminium Chloride on 
0 Nitrobenzyl Chloride and Benzene. Karl Drechsler ( Monatsk . 
1913, 35, 533 — 560). — In the action of aluminium chloride oo a 
mixture of benzene and o-nitrobenzyl chloride, a yellow solid, needles, 
m. p. 169°, is obtained as a by-product (Freund, A., 1897, i, 68); this 
substance, which gives solutions with a blue fiuorescence, has the 
composition C^^H^ON ; It gives a hydrochloride, pale yellow needles, 
m. p. 169° (decomp.), and a mercurichloride, golden-yellow leaflets, 
tn. p. 225 — 232° (decomp,). Ebullioscopic determination of the 
molecular weight in benzene indicates that O^gHgON represents the 
molecular formula. 

When treated in acetic acid solution with sodium nitrite solution, 
the above base does not appear to undergo diazotisation in the usual 
mancer, for on the addition of water it is reprecipitated unchanged ; 
the solution on warming, however, gives a suhetance, 

[possibly C 02 H- 0 gH 4 -NPh-N( 0 H)g], microscopic, yellow needles, m. p. 
365°, which is soluble in solutions of alkalis, and on reduction by distil- 
lation with zinc dust, by sodium amalgam and alcohol or by tin and 
bydrochloric acid gives acridine or dihydroacridine. The action of nitrous 
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acid on the boiling alcoholic eolation of the yellow base yiel<Je<l 
subetancej yellow needles, m. p.223 — 233® (possibly 19-hydroxyacridotie\* 

The reduction of the yellow base, CjgHgON, by heating with zinc 
dust or by sodium amalgam and alcohol gave rise to acridine j attempt* 
or acetylate the base by heating with acetic anhydride or acetic acid 
produced acridone, which was also obtained as a by-product in the actiop 
of nitrous acid on a hot solution of the base in hydrochloric or acet^ 
acid. From these results the author draws the conclusion that iU 

CO 

yellow base is l^-phenylanthranil^ structure can be 

made to accord with the general behaviour of the substance. 

The author discusses the probable method of formation of thig 
substance and also of acridine, which -is another by-product, in the 
original Fried el-Cra ft’s reaction. A third by-product in the original 
synthesis is a colourless base, CjgHj^N, needles, m. p. 8.T ; 
ckloridej silhy needles, m, p. 205 — 208®; sulphate, sparingly soluble ; 
acetyl derivative, colourless needles, m. p. 212—213®; mercurickloridt 
yellow. D. F. T. ' 

Preparation of 2-Phenylquinolin6-4-carboxylic Acid, 
Chemtsche Fabeik Aur Actien (vorm. E. Schehing) (Austrian Patent, 
63525). — 2-PhenylquinoIine-4-carboxylic acid is obtained by the inter- 
action of benzyl id e Dean iline and pyruvic acid, this being e&cted fay 
heating the condensation product of aniline and benzaldehyde with 
pyruvic acid in alcoholic solution, T. H. P. 

Phenyloxindole. R. Stolle {Ber., 1914, 47, 2120 — 2122).— 
Chloroacetodiphenylamide, CHgCl'CO'NPhg (Frerichs, A., 1903, i, 
610), when heated with aluminium chloride to 160 — 180® undergoes 
intramolecular condensation with the formation of phenyloxindole^ 

colourless leaflets, m. p. 121°; derivative, 

yellow needles, m. p. 121®. Phenylisatin condenses with pheayl- 
oxindole in boiling acetic acid solution containing a little hydrochloric 
acid, the product being diphenylhoindigoiin (compare Wahl and 
Bayard, A., 1909, i, 330), reddish-brown needles, m. p. near 305®, Ibwas 
not found possible to prepare phenyloxindole by heating phenylisaiin- 
hydrazone, which was obtained in yellow needles, m. p, 192®, from the 
interaction of phenylisatin and hydrazine hydrate in boiling alcoholic 
solution. 

Chloroacetoethylanilide, m. p. 35°, b. p. 165°/2l mm., obtained from 
chloroacetyl chloride and ethylaniline in ethereal solution, when heated 
with aluminium chloride at 160® was gradually converted into 
ethyloxindole, needles, m. p. 97®. 

The substance, m. p. 38°, obtained by Auwers and Arndt (A., 1909, 
i, 175) by the action of chloroacetyl chloride on ; 7 -tbiocresol and 
described as y?-tbiocresyl chloroacetate, CgH^Me'S'CO'CHgCl, is in 
reality p-tolylthiolaceiyl chloride, C^H^Me'S’CHg’COCl, and on 
hydrolysis yields y)-lolylthiolacetic acid which is already known. 
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jjew Oondeneation Products of Oarbazoles and Phthatio 
ADbydrides. Badische Anilin- & Soda-Fabeik (Fr, Patent, 
463508 ).— ’When carbazole or its derivatives substituted either at the 
itro'^en atom or in the nucleus are heated with phthalic anhydride or 
Its derivatives in the presence of concentrated or slightly diluted 
ulphuric acid, condensation products are obtained which either are 
(flouring matters or serve for the production of these. In certain 
cases, it is advantageous to submit the crude condensation products to 
subsequent treatment with a hypochlorite. T. H. P. 

Hgemopyrrole and the Scission of Haemin by Oxidation. 
AsiANDUS Hahn (ZdUch. Biol,, 1914, 64, 141 — 160). — A comprehensive 
i-eviet? of the investigations into the oxidation products of hmmin, 
culminating in the synthesis of heematic acid (Kiister and Weller, this 
vol., i, researches on the constituent pyrroles of 

bsemopyrrolu oil. In connexion with the latter subject, the most 
rficent paper under review is dated August, 1912, but important com- 
muoicatioDS have since appeared (compare Fischer and Eismayer, this 
vol.,i,886). J.C.W. 


SyntbesiH of Heemopynrole. I. J. Geabowsei and L. Mabch- 
lewski 1914, 47, 2169 — 2161). — The authors give the term 
“hsmopyrrole I” to that constituent of crude hsemopyrrole which 
gives a red azo-dye with diazonium salts (A., 1912, i, 923), and has 
besQ shown to be 2-methyl-5-ethylpyrro]e (compare also Piloty and 
Stock, A., 1912, i, 1015). The presence of this substance in hmmo- 
pjrrole renders necessary a revision of earlier discussions as to the 
nature of the latter substance (compare Fischer and Bartholomaus, 
A., 1912, i, 646). 

2-Methyl-5-ethyIpyrrole has now been synthesised by dry distillation 
of Doethylethylmaleinimide with zinc dust and calcium hydroxide in a 
current of carbon dioxide. The distillate was extracted with ether, 
and the solution treated with 'j^-toluenediazonium chloride when a 
mixture of reddish-brown and blue crystals was obtained on evaporation. 
The latter, m. p. 252° were separated by their much greater solubility 
ia chloroform, and were found to consist of the substance (1), whilst the 


former, (I) 




.HCi 


which were needle-shaped, m, p. 356°, were of composition agreeing 


with that of a substance of formula (II). 


CMe— ^Et 

CsHjMe-Na'C C-Ng-OjHjMe’ ' 


Treatment of crude hsemopyrrole with jo-toluenediazonium chloride 
gives two products agreeing in all respects with the^synthetic substances 
described above, D. F. T. 


The Constitution of the Blood and Bile Pigments. III. 
Hans Fischer and K. Eismayer (Ber., 1914, 47, 2019 — 2027. Compare 
Fischer and Bartholomaus, A., 1913, i, 209, 1236). — It is already 
kpown that formaldehyde will condense with substituted pyrroles, 
giving dipyrrylmethane derivatives (Fischer and Bartholomaus, loc. 
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eii. ; Piloty, Stock and Dormann, this vol., i, 756). The authors U 
therefore applied glyoxal in place of formaldehyde in the hope^! 
obtaining tetrapyrryl^thane derivatives. 

Formcddehyde and hsemopyrrole readily condense together wh 
heated in alcoholic solution containing a little hydrochloric acid 
product being di(4 :5-diinethyl>3 ethylpyiTyl)metfaane, m. p. ’iqqo 
(P iloty, Stock and Dormann, this vol., i, 327, give 99'6 — 100®) ; 
needles, m. p. 186® (decomp.). Condensation of glyoxal with hseanj. 
pyrrole under similar conditions gives rise to the same subatance 
which is not a leuco-compound but a dye, the (a red 

crystalline solid with a green lustre) imparting a yellow colour to cotton’ 

Id a similar manner formaldehyde condenses with methyl phono^ 
pyrrol ecarboxy late, the result being much less satisfactory if the free 
acid is used. The product is di(i : 5-dimetAj/l’3-(i)-carbox^mei/i^Utfi^i 
pyiryl)vuikane (for formula of free acid see Piloty, Stock and Dor- 
mann, loc, cit,). This substance, which was obtained in 50% yieldfrom 
glyoxal and methyl phonopyrrolecarboxylate even in neutral solution 
forms brownish-yellow crystals with a green lustre, m. p. 110— 1120 '. 
hydrochloride^ small rods with a greenish-red metallic lustre, soluble in 
chloroform to a deep red solution • picratOf m. p. 192° (decomp.). The 
constitution of this base was conhrmed by molecular-weight determina- 
tion in alcoholic solution and by its oxidation (with lead dioxide and 
sulphuric acid) and reduction (with a mixture of hydriodic and acetic 
acids) to hsematic acid and phonopyrrolecarboxylic acid respectively On 
warming with sodium methoxide solution, the compound was hydrolysed 
to the corresponding acid (compare Piloty, Stock and Dormann, Uc, ci^.) 

The action of glyoxal on 3-ac6tyl-2 : i-dimethyl pyrrole follows a 
different course, s-ietra{^-ace,tyl-'2t : ii-dimethylpyrryl)ttlMn€^ 



being readily formed on the addition of a little hydrochloric acid to an 
alcoholic solution of these substances. This product, which is closely 
related to the non-isolated leuco-compound of Will&tatter and 
Mscher’a aetioporphyrin (A., 1913, i, 1251), was obtained as the 
hydrocMoridCy prisms, decomp. at 210 — 225°, D. F. T, 

Diphthaloylacridones, Alfred Eckert and Ottokar Halla 
755 — 763). — 1 : 2 : 6 ; ^l-Diphihaloylacridom 
(annexed formula), red needles, is obtained 
directly and in almost quantitative yield by 
boil ing 1 -aminoan thraquinon e-2-car boxylie 
acid, 2-chloroauthraquioone, sodium acetate, 
and a little cuprous chloride in nitrobenzene 
for fifteen hours. It forms a greenieh- 
yellow solution in concentrated sulphuric 
acid, and the flocculent precipitate obtained 
by the addition of water readily yields a 
vat which dyes cotton reddish-yellow (in the 
massive state, the acridone forms a vat only 
with great difficulty). 

The constitution of 1:2:6 ; 7-diphtbaloyl- 


{Monaish.^ 1914, 35, 




■CO 


CO! 


NH 


\/\/V\ 

CO\/\ 
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^done is proved follows, ^'Brovn<h2'aminoanthraqu{non$f m. p. 

oracge-yoUow leaBets, prepared by boiling 1 : 3-dibromo-2-amino- 
mtliaquinone, pyridine, afid iron filings with glacial acetic acid, forms 
derivative, m, p. 269® almost colourless leaflets, and a 
l^sylidene derivative, pale yellow leaflets. The latter condenses with 
l^inosnthraquinone-2-carboxylic acid under the conditions mentioned 
jbove ^ 8vhtUmc$f CggHjgOgNg, brownish-red, microscopic 

needles, by the hydrolysis of which is obtained : 2 : 6 r 7-civ 

J by boiling the diazonium sulphate of this with 
Swhol, a diphUiaioylacridone, identical with that described above, is 

obtained. 

acid condenses with 1-chIoro- 
antbraquinone under the conditions described above to form 1:2 : 8 : 9- 
copper needles with a blue reflex. 

Attempts to oxidise the methyl group in 2-methyM : 2 -dianthrimide 
hare been unsuccessful. When the substance is fused with potassium 
bydroride and lead oxide (compare D.K.-P. 192436) a product is 
obtained which is quite different from 1:2:6: 7-diphthaIoylacridone. 

C. S. 

Preparation of Halogenated 6 : 6-Dialkylbarbiturio Acids. 
Alfred Einhobn (D,R,-P. 272611). — When 5 : 5-dialkylbarbituric 
acids are heated with halogens under pressure, in some cases witk 
addition of an indifferent organic diluent, they are converted into 
halogenated derivatives containing the halogens in the alkyl groups. 
These derivatives are soluble in dilute alkali carbonate or ammonia 
solution, from which they are precipitated unchanged by addition of 
acid. 

^ro7n0'5 : ^-dAtthylharUturic add forms nodular masses of needles, 
iD.p. 172-174®. ^ 

A'6j'omo-6 : ^-dipropylbarhitv^ add forms needles, m, p. 176®. 

Chkro-5 1 6dietkylbarbUwric acid forms vitreous prisms, m.’ p, 
199-200°. T. H. P. 

Incompatibility of Melubrin with Preparations which con- 
tain Aldehydes. Estimation of Aldehydes. Marc Tiffeneau 
{Ckm. Zmtr.i 1914, i, 1368; from BvM. /Set. Pka/rmacol, 21, 
71—73). — Melubrin, CjiHjjOgN'NH'CHg'SOgNajHgO, is gradually 
decomposed in aqueous solution into aminoantipyrine, 
and sodium methanalsulphonate. For this reason its solutions give 
the same condensation products with aromatic aldehydes as amino- 
antipyrine itself. Anisylideneaminoantipyrin$^ piper(mylideneamino- 
antipyrim, and mnillylideTieaminoantipyrinc have m. p.’s 168®, 229® 
and 198® respectively. This behaviour of melubrin renders it 
incompatible with preparations which contain aromatic aldehydes ; on 
the other band, it gives excellent results in the estimation of 
benzaldehyde and its homologues. For this purpose, two molecules of 
melubrin are required for each molecule of aldehyde. Condensation is 
effected in aqueous or feebly alcoholic solution. The condensation pro- 
ducts are soluble in alcohol and are decomposed into their constituents 
hy boiliDg dilute mineral acids. H. W, 
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Bimolecular Nitriles, B. yon Meyer [ Zpr . Chm,y 191i, [in aq 
1^52).“ A continuation of previous work {A., 1908, i, 909) on th’ 
properties and reactions of dioitrifes, R*C(NH)*OHj*CN, ® 

L [With Richabd Friedrich]. of orJ 

AminopyrazoU, — Benioaoefcodiiiitnle and ^o-toluoacetodinitrile 
with hydrazine hydrate in alcoholic solution at 150—200®, yieidijj 
Sdminopyrazolineg (I), the salts of which are derived from 
tautomeric 5-aminowopyrazole formula (II). : 


(I.) NH<p 


=CR 

5j)-ch; 


fi’-lmno-^-^idylpyrazolivA (I, R *= CgH^Me), prepaid from p-tolug. 
acetodinitrile, crystallises in white needles, m. p. H3®, and forms a 
hydroohlmdn, crystallising iu pearly, lustrous leaflets, m. p. 25f 


' That the hydrochloride has the constitution 


>n (U) 


(R^CgH^Me) has been established by its behaviour towards nitrous 
acid. On successive treatment with sodium nitrite and sodium acetate 
in aqueous solution, it yields a very unstable, crystalline dwjo. 
compound, which explodes when rubbed, or when heated at 12l“. 
The diaaonium chloride crystallises in light yellow needles, explodes at 
157^ without melliog, and is remarkably sUble iu aqueous solution* 
it couples with jS-naphthol in alcoholic solution, yielding an oj^-dye, 
crystallising in yellowish-red needles, m. p. 237®. 

* 5-IminO“3-y)-toIylpyra2oline reacts with nitrous acid in alcoholic 
solution to form a leddish-brown, amorphous ntfroso-com pound, and 
with acetic anhydride at the ordinary temperature, yielding a ^nom- 

acetyl derivative, ^ felted, white needles, m n 

^0(NH]*CH2 ^ 

221° The derivative, 

m. p. 163®, is obtained by heating the iminopyrazolone with an excess 
of acetic anhydride. 

1 - l^henylcarhamyl-5-imino-Z-'P'tolylpyrazdinet 

c(c,h,)=n:; 

CH3-c(ra)^^ 

prepared from the iminopyrazoline and phenylcarbimide in hot xylene 
solution, crystallises in lustrous, silky, white needles, m. p. 173° 
yields an acetyl deiivatlve (slender needles, m. p. 161®), and when 
heated above its m. p. is converted into an isomerlde, which separates 
from dilute alcohol as a micro-crystalline powder, m. p. 206®, and 
yields an acetyl derivative, m, p. about 204®. The constitution of the 
isomeride is probably represented by the formula 

In agreement with this view, it is found that only the acetyl deriv- 
ative of the less fusible isomeride is capable of yielding a silver salt on 
treatment with silver nitrate in alcoholic solution. 
hAcetyl-5-phenylcarbaniylimino-Z : p-iofylpyrazofi/w, 

N NAc^ 


0(C6H,Me)*CH2' 


>C;N*COuNHPh, 
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j.gpared by th© interaction of phenylcarbimide and the monoacetyl 
Jgrivativeof 5-imino-3 ; j^to!yIpy^azolin6 in benzene eolution, crystallisoa 
Jq slender needles, m. p. 177°, and is isomeric with the preening acetyl 

derivatives, 

\.p}iitnyl&*>iocarhamyl'b-iniino-Z-^'iolylpyrazolim^ 

obtained by heating th© iminopyrazoline with phenylthiocarbimide, 
crystallises in stout prisms, m. p, 196° 

Tbe hydrochloride of S-imino-S-p-tolylpyrazoline reacts with benzene- 
diazonium chloride in aqueous solution, yielding 5-t?7^i?w)-3-p-^o^y^4- 

^didowp^ny^hyirazoM, which crystal- 

lises in golden-yellow needles, m. p. 233°, forms a yellow stiver salt, 
ftod yields in hydrochloric acid solution a dtazo-com pound which couples 
with resorcinol to form a brown aso-dye. 

l-C'ar6amy/-5-immo-3-p-«ofs^2pyiU30^in«, 

in the form of its hydrocKloridt by the interaction of semi- 
I hydrochloride and yj-toluoacetodinitrile in alcoholic solution, 
I in white leaflets, m. p, 186°, and is hydrolysed by hydro- 
chloric acid to 5’imino-3-fi-tolylpyrazoline. 

(I- above, R = Ph), prepared from benzo- 
acetodinitrile and %drazine hydrate, separates from alcohol in lustrous, 
pearly leaflets, m. p. 119°, and forms a hydrochloride^ which can be 
diazotiped and is, therefore, derived from the tautomeric 5~amin(h3- 
phenyliBopyrazole (II. above, R = Ph) ; the diazonium chloride explodes 
at 98°, and couples with resorcinol, yielding a reddish-yellow azo-dye. 

On treatment with nitrous gases in boiling glacial acetic acid solu- 
tion, S-imino-S-phenylpyrazoline yields an amorphous, reddish-brown- 
^ 

liitrosoacetyl derivative, M __ '^C1N*N0. With acetic anhydride 
Vy -t n-U-Ti^ 

it forms a diacHyl derivative, white needles, m. p. 151°, and a mono- 
mtyl derivative, stout prisms, m, p. 162°, which forms a white silver 
salt. 

1 - Phmylthiocarha myl-^-imino-3 -ph^nylpyrazolinej 


CPh=N 

CHg-^NH) 


>N-CS*NHPh, 


prepared by heating the iminophenylpyrazoline with phenylthiocarb- 
imideat 100°, has m. p. 187°. 

II. [With P, Esskr,] — Condensation of Dinitriles with Esters . — 
Under the influence of sodium or potassium ethoxide, dinitriles con- 
dense with the ethyl esters of formic, phenoxyacetic, and oxalic 
acids, yielding compounds of the type NHICR*CIl(CN)‘COR, where 
R=H, ‘CHg-OPh, and ’COgEt respectively. 

^-Iminoa/ormylbutyronifrile, NHXMe-CH(OHO)'CN, prepared 
by condensing ethyl formate with acetodinitrile by means of potassium 
ethoxide in ethereal solution, and acidifying the aqueous solution of 

VOL. evil. i. Z X 
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the resulting polataium salt, has m. p. 109®. The potassium siU 
reacts with methyl iodide, yielding a irMyl ether ^ 
HH:CMe-C(CN):CH-OMe 

(long needles, m. p. 40®), and when kept in aqueous solution is slowU 
hydrolysed to ^ 

NH:CMe-OH(OHO)*CO'NH„, 
which separates from alcohol in needles, m. p. 269®. 

a-Formyl-^-pkenyliminobutyro7iitrilef NPhrCMe*CH(CHO)*CN, o|j. 
tained from iy^-phenylacetodinitrile and ethyl formate in a similar 
manner, has m. p. 102®. 

^-Iminoa’forviyl - )3 - phenylpropionitriUt NHIOPh •CH(CH0)*CN 
from benzoacetodinitrile, crystallises in needles, m. p. 106^, aud k 
readily hydrolysed to the corresponding amide j the poias8iu7n salt 

yields, with methyl iodide, a methyl NHICPh*C(ON)!CH'0Me, 
having m. p. 84°. 

B-lmino-a-farmyl-^-y-tolylpropionitrile, 

NH:C{CeH4Me)*CH(CHO)-CN, 
prepared from ;9-tolylacetodi nitrile, has m. p, 122°, and forms a 
hydrazonet m. p. 188°; on treatment with benzenediaaonium chlorida 
and sodium acetate in alcoholic solution, it is converted into a yellow 
aco-compound {a-bmzen«azo-a-formyl-a-^~toluoylacetonitrUe\ m. p. 120° 
CgH4Me*CO’C(CHO)(CN)-N;NPh. Ethyl pbenoxyacetate readily coc^ 
denses with acetodinitrile in ethereal solution in the presence of 
potassium ethoxide, yielding fi-imino a-phenoxyacztylhutyronitrikym.u 
96°, NH!CMe*CH{CN)*CO‘CH2’OPh, together with an isomeride, 
m, p. 123° which constitutes the main product of the reaction. The 
more fusible a-isomeride is present in the condensation product in the 
form of itsJE^o^am«77l salt, and is isolated by extraction with water and 
subsequent acidification with hydrochloric acid. 

The insoluble residue consists of the less fusible /3-isomeride, for 
which the following formulae are suggested : 

NH2-CMe:C(CN)-CO-CH2-OPh NH:CMe-C(CN):C(OH)-CH2-OPh. 
In agreement with the first formula it is found that the j9-isomeride 
does not form a potassium salt. 

Benzoacetodinitrile and ethyl pbenoxyacetate give rise to pimm- 
a-phenoxyacetyl-p-ptienylpropionitrile, N H I CPh • CB[(CN) * C 0 • CH OPh, 
which also exist in two isomeric forms. The a-isomeride has m. p, 87“, 
and is present in the condensation product in the form of its potaasium 
salt ; on treatment with benzenediazonium chloride it is converted into 
an a«o- compound {a-benzeneazo-a~phenoxyacetylbenzoylacetonitrik), 
OPh*CH2‘CO‘C(CN){COPh)‘N:NPh, 
which crystallises in golden-yellow leaflets, m. p. 110° The ^-isommdt 
has m. p, 114°, and constitutes the main product of the reaction. 

yj-Toluoaeetodinitrile yields ^~immo-a-phenoxy€icetyl‘^’'^'tolylpropio- 
nitrile, NH:C(CeH^Me)*CH(CN)-CO-CH2*OPh, which was isolated ic 
only one (the ^-) form, having m. p. 148°. Ethyl y-imino-jd-cyano- 
a-htovalerate, NH'CM6*CH(CN)*C0‘C02Et, prepared from aceto- 
dinitrile and ethyl oxalate, has m. p. 90° and is readily hydrolysed 
to the corresponding acid, m. p. 168°, an aqueous solution of which, on 
acidification with hydrochloric acid, slowly deposits y imino a^keio- 
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S-carbamylvaleric acid, m. p. 268° NH:CMe-CH(C0-NH,)-00;C0,H. 
the silver and ammonium salts of the two last-named acids are 
«.pntioD^. y-imino-^^ano a-hio-y-phmylbtUyrate, 

“ NH:CPh-CH(CN)*CO-COjEt, 

htained in the form of its potassium salt from benzoacetodinitrile and 
^thyl oxalate, has m. p. 90°, and on treatment with ammonia in ethereal 
Solution yields the corresponding amide, m. p. 199° (decomp.); the 


. p, 259“ 


salt is hydrolysed in acid solution to y%min(har\sio ^- 


acid, NH:CPh‘CH(C 0 *NH 2 )'C 0 -C 02 H, 


-- also obtained by heating p-toluoacetodinitrile with alcoholic 


Xbe following compounds were prepared from p-toluoacetodinitrilo 
jD a similar manner ; y-imino-^-GyaTKharkoto-y-p-iolylbiUyric acid, 
white needle?, m. 'p. 283°; ethyl ester, m. p. 142°, and amide, slender 
needles, m. p. 206°. Both the acid and ester are hydrolysed by boiling 
sodium hydroxide to oxalic acid and ^-iminO'^-^-iolylpro- 
mide, GgH 4 M 6 -C(NH)’CH 2 'CO*NH 2 , which has m p. 177°, 
acd is 

potassium hydroxide. 

R. Jmino-a.-formyl-^-phenyl'a.-methylpropimiirile, 

^ NH:CPh*CMe(CHO)-CN, 

prepared from benzopropiodinitrile and ethyl formate in the presence 
of potassium ethoxide, crystallises in leaflets, m. p. 133°, and forms a 
yellowish- white potassium salt. 

III. [With G. Haensel,] — Derivatives of p-cyanoquinoline . — 
o-Aminobenzaldehyde, o-aminoacetophenone, and isatic acid undergo 
coodensation with dinitriles, yielding derivatives of 3-cyanoquinoline, 
as shown in the following scheme ; 

^CO'R OHg-cN ^ ,cr:c*on 

‘^NH:C*R 3+ fl ' 

^.Cyano-2 phenylquinoline-i carboxylic acid, prepared by heating 
benzoacetodinitrile with isatic acid in alcoholic solution in the presence 
of zinc chloride, crystallises in slender, white needles, m. p. 267 — 268 °. 

Z-Cyano-2-p-tolylquinoline~4i-carhoxylic acid, obtained in a similar 
manner from jo-toluoacetodinitrile, forms white prisms, m. p. 216°. 

When heated in glacial acetic acid solution at 150°, o-aminoaceto- 
pheoone and acetodi nitrile yield Z-cyano-2 : i-dimethylquinoline, which 
crystallises in white needles, m. p. 161 — 162°, yields a ptcrate (yellow 
needles, m. p. 203°), and is hydrolysed by concentrated hydrochloric 
acid at 180° to 1 : ^-dimethylquinoline-Z-carboxylic acid, white needles, 
ffi. p. 231°, and the corresponding amide, small needles, m. p. 198° ; the 
acid yields a hydrochlm'ide, which forms prismatic crystals, and is readily 
hydrolysed by water. 

‘^-Oymio-^plionyl-i-methylquinoline, prepared from benzoacetodi- 
nitrile and o-aminoacetophenone in a similar manner, crystallises in 
long, white needles, m. p, 166 — 167°; %phenyl-^-meihylquinoline- 
tmboxylic acid forms white needles, m. p. 284 — 285° (decomp.) ; the 
mUe crystallises in clusters of needles, m. p. 189 — 1 90°. 

^Cijano-^’^-iolylA-methylquiTwline crystallises in yellow needles, 
ni. p. 133° 

'Hen heated at 120°, o-aminobeuzaldehyde condenses with aceto- 

3 A’ 2 
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dinitrile, yielding ^cy<mO‘%m/^ihylquinolin6f white needles or prign- 
m, p. 131®. ' 

^-Gya7io-%pJitnylq\tindiney prepared from benzoacetodiaitrile 
o-aminobenzaldehyde in alcoholic solution at 180®, forms while needle 
m. p. 193—194®, and is hydrolysed by hydrochloric acid to 
quinoline-Z-carboxylic acid, small needles, m. p. 230® (decomp.). 

IV. [With P. Beroe, R. Oehler, and E. Schletter].— icfio/i oj 
Variotts Acids on Dinitriles. In aqueous solution di nitriles are hydix). 
lysed by acetic, oxalic and mineral acids to cyano-ketones : 

R-0(NH)-CH2*CN + Ufi = NHj + R-CO*CHjj*CN. 

The action has been quantitatively followed in the case of aceto- 
nitrile, benzoacetodinitrile, and jo-toluoaoetodinitrile by determining 
the diminution in the concentration of the acid. It is found that 
ace todi nitrile is much more readily hydrolysed than the two remaining 
nitriles, the rates of hydrolysis being in the ratio 30 : 4 : 7 in the order 


The interaction of dinitriles and anhydrous organic acids depeads 
on the nature of the acid and nitrile, and also on the conditions under 
which the reaction is carried out. Cyanoacetic, a-hydroxywobutjric, 
succinic, glycollic, and malic acids give rise to aminocyanopyridines : 

2K-C(NH)'CH2-ON = NH3 + N<^j^™^|'™>CB. The water sm- 

ultaneously produced by the action of the ammonia on the acid miiy 
lead to a partial or complete displacement of the amino-group by 
hydroxyl. If the reaction is carried out in alcoholic solution, displace- 
ment of the amino-group by the ethoxy-group may also take place, 
A remarkable difierence in the behaviour of benzoacetodinitrile and 
jo-toluoacetodinitrile towards mandelic acid has also been observed, 
Whilst p-toluoacetodinitrile gives rise to a 2-pyrrolone, thus : 
C,H.Me-C-NH3 OH-CO C,H,Me-C-NH.^0 

CN-CH ^ OH-CHPh ^ ^ ' ' CN-C CHPt’ 

benzoacetodinitrile is converted into a 3-pyrroIone, as shown in the 
following scheme : 

CPh-RHg OH-CHPh CPh-NH-CHPh 

CN-CH ■''OH-io =^^2*^+ ( C{CN)— CO ' 

When heated with anhydrous cyanoacetic acid at 140°, acetodi nitrile 
yields 6-ainino-3-cyano*2 ; 4-dimethylpyridine, which is accompauiedby 
a substance, crystallising in needles, m. p. 220° ; if the 

components are not anhydrous, 3-cyano-6-hydroxy-2 : d-dimethylpyridioe 
is produced. 

The action of succinic acid on p-toluoacetodi nitrile in alcoholic 
solution at 150° leads to the formation of Z cyanO‘Q-hydroxy 2 : 4-it-p* 


tolylpyridine, 

together with a small amount of Q-amlno Z cyano-2 : 
pyridine, m. p. 165° which forms a picrate, m. p. 205°. 

When heated with glycollic acid in alcoholic solution, benzoaceto- 
dinitrile is converted into Z cyam-Q -ethoxy *. A-diphenylpyridint^ 
slender needles, m. p. 141 — 142°; if the reaction is carried out in a 
sealed tube at 150°, the ethoxy-derivative is accompanied by 
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which crystallises with JHjO in needle?, 
n 213°> 8-°^ yields a deep yellow picraU. 

’ ^'diphmylpyridiiM, prepared by heating benzo- 
cetodinitrile with a-hydroxyi«obutyric acid in alcoholic solution at 
150'* crystallises in lustrous, silky needles, m. p. 192°, with previous 
sintering at 143°. ^ 

Xhe above-mentioned 3-cyano-6-ethoxy-2 ; 4-diphenylpyridine is con- 
verted by the action of hydrochloric acid at 200° into ^-kydroxy -^ : 4- 
which crystallises in slender needles, m, p. 208°. 


^(/7/ar«>-3-pAenyf-5-p-toly/-2-;)yrro^(>ne (formula III above), prepared 
by heating ;)-tolaoacetodi nitrile and mandelic acid in equimolecular" 
proportions in alcoholic solutions at 150°, forma slender needles, m. p. 
200° with previous softening at 150° It yields a yellow jpiorais, and 
when heated with hydrochloric acid at 200° is transformed into 

^y>iyl-^^V'^olyl-'i-pyrrol<me, ^HPh' 


needles, m. p. 235 — 237° 

Xhe interaction of benzoacetodinitrile and mandelic acid under 
similar conditions leads to the formation of i-cyano’2 : 5-diphenyl- 
i-pyrrolone (formula IV above), which crystallises from alcohol in 
white needles, m. p, 230°, with previous softening at 200°, and yields 
an acetyl derivative (pale yellow prisms, m. p. 134°), a phenyl- 
hydrazom, slender, grey needles (decomp. 260°), and an oxime, 
crystal Using in pale yellow needles, which decompose above 170° 
without melting. 

Wheu heated with concentrated hydrochloric acid at 200°, the 
cyanodiphenylpyrrolone is converted into 2 ; 5-diphenyl-Z-pyn'olone, 
white needles, m. p. 205°, It is hydrolysed by alcoholic potassium hydr- 
oxide to 4-car6awiyf-2 : 5-dipkenylpyrrolone, » 

which crystallises in small prisms, m. p. 255° (decomp.). ^ 

CPh~iC’ON 

i-CyanO‘5-phenyl~2-melhyl-Z-pyirolone, » prepared 

from lactic acid and benzoacetodinitrile, forms small needles, m. p. 170° 
(decomp.), yields an acetyl derivative, m. p. 185° (decomp.), and when 
heated with hydrochloric acid is transformed into 5-phenyl-2-methyl- 
^■pyrrolone, pale yellow needles, m. p. 215°, with partial decomposition. 

Attempts to condense benzoacetodinitrile with oxalic acid in alcoholic 
solution at 100° resulted in the formation of w-cyanoacetophenone ; 
at 170° 3'Cyano-6-hydroxy-2 : 4-diphenylpyridin0 is produced. 

F. B. 


Preparation of 2- or 3-Antipyrylquinolin6-4 carboxylic 
Acids. Faebwbrke vorm. Meister, Lucius <k BrOninq (B.K.-?. 
270487). — These compounds, obtained by the interaction of 4-acetyI- 
1-phe Qy 1-2 :3-di methyl pyrazolone or its homologues with isatin in 
alkaline solution, show the actions both of 1 -phenyl- 2 : 3-dimethy 1-5- 
pyrazolone and of the quinoline- 4 -carboxylic acids and find therapeutic 
application. 

'^'^ntipyrylquinoUne-i-carhoxylic acid, m. p. 266 — 268°, and 
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3-antipyryl*2-methylquinoline-4-carboxylic acid or 2-methylantipyryi. 
quiDoliDe-4-carboxylic acid, m. p. 238—239°, are described. 

^•Acetvl l-vhmyl -^ : Z dimtihyl-^ pyrazolone, 

.NMe-NPh 

CMe<^Ac.C0 ’ 

obtained by the action of acetyl chloride on 1 -phenyl-2 ; 3-di methyl. 
. 5-pyrazolone in presence of ammonium chloride, forms colourless 
crystalp, m. p. 160—161° and gives a red coloration with ferric chloride 
in aqueous solution. 

' VPhtnyll : Z-dimiihyl-i-aceUmyl^-pyrazohne^ 

NPh 

CMe<^^OHjAc)-CO ’ 

m. p. 87°, gives a red coloration with ferric chloride in aqueous 
solution and it* obtained by the action of chloroacetone and sodium 
hydroxide on 1 phenyl- 3-methyl- 5-pyrazolone and methylation of the 
l-phenyl-3-methyl-4-acetonyl-5-pyrazolone thus obtained. T. H. p. 


The Interaction of Bicyclic Ammonium Compounds and 
Secondary Cyclic Bases. The Stereochemistry of Tervalent 
Nitrogen. M. Scholtz [B&i^ 1914, 47, 2162—2170). — It is kaowu 
from the earlier work of the author that o-xylyiene bromide reacts 
with secondary amines, giving rise to substituted ammonium bromides 

of the type which on heating with ammonia 

produce bases with two secondary amino-groups as indicated by the 
formula C6H4<cH’'iNHR'' 


OA<«5>KBr<C^;;«5>CH. 
obtained from o-xylylene bromide and piperidine, the action of 
ammonia causes a widening of the ring, forming a structure 

(A., 1898, i, 305, 383, 471, 665, 567). By allowing xylylenepiperi- 
dinium bromide to react with piperidine a compound was obtained to 
which the structure was ascribed, but if the 

behaviour of xylylenepiperidinium bromide towards piperidine is the 
same as towards ammonia a compound of the structure 


CHg-N-CHj'CHg 

CeH,/ an,, )CH„ 

might be expected. A decision between these two alternative formula? 
by direct methods is not easy, but with compounds of an analogous 
nature, the occurrence of isomerism has ^en observed, which k 
explicable only by the latter representation (compare Scholtz and 
Wolfrum, A., 1910, i, 771). 

In the same manner as piperidine, 2 -methyldihydroindole rewts 
with o-xylylene bromide in the presence of alkali hydroxide in no. 
alcoholic solution, giving o-xylylm6-2-7Mthyldihydroindolium bronu , 
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C tetragonal prisms (with 

iHO ^rom water), which melts in its water of crystallisation at 
135^-— 1^0^ and, after re- solidifying, melts again at 207°j the 
hydrous substance crystallises from a mixture of chloroform and 
^ther in hexagonal tablets ; the more sparingly soluble iodide, obtained 
L precipitation from the bromide by potassium iodide, forms stellar 
^regates of needles, m. p. 220° ; the chloride, obtained from the 
^mide by the action of silver chloride, forms hexagonal tablets, 


When the above bromide is heated with aqueous ammonia for H 
hours at 200° in a sealed tube, pTQpyUnephenyleni‘- 0 'XylylmediamiT^, 

P H obtained as an almost colourless, 

viscous oil, b. p. 250— 255°/16 mm., with slight decomposition. The 
presence of two secondary amino-groups iu this substance was 
coufirmed by treating with o-xylylene bromide and alkali hydroxide 
when a hrwiide of the structure 

colourless prisms, m. p. 112°, was obtained, and was converted by 
successive treatment with silver oxide and cbloroplatinic acid into the 
datmcUmde, orange-yellow needles, m. p. 177° (decomp.). 

^ 2 -Metbyldihydroindol 0 , when heated for eight hours at 200° with 
o-xylylenepiperidinium bromide in alcoholic solution, gave rise to (a) 
Q.xyhfUmpiperidyl-2-methyldihydroindyl, colourless needles, m. p. 87° 
{dimkhiodide, colourless needles, m. p, 173° with decomp.), for which, 
on account of the existence of an iaomeride, the structure 

is rejected in favour of (I). 

CH^-N-CHMe CH2-N-CH2-CH„ . 

C.h/ OsHio C,H / C,H,„ )>0H, 

(!•) . . . . ... 

When o-xylylene-2‘-methyldihydroindolium bromide and piperidine 

were heated together in the presence of water, an isoTneride (jS) of the 
preceding subs^nce was obtained in colourless prisms, m. p. 102° ; this 
is X strong, reducing agent, liberating silver from silver nitrate in the 
presence of acetic acid ] it forms a methiodide, tablets, m. p. 200° ; 
psrchlorate, sparingly soluble prisms, m. p. 182°. Both the a- and 
j8 isomerides give deep red solutions in nitric acid. The existence of 
isomerism is attributed to the situation of the three valencies of 
terpalent nitrogen in one plane, one of the isomerides possessing the 
structure represented by formula (I), whilst the other may be 






represented by formula (II). 

In an analogous manner to the preceding, tetrahydroquinoline reacts 
with o-xylylenepiperidinium bromide in the presence of alcohol at 200°, 
giving a- 0 ‘xylylenepiperidyltetrakydroquinolyl, whilst the ^-isoitieride 
wag produced by the interaction of o-xylylenetetrahydroquinolinium 
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bromide, colourless needles, m. p. 233° (previously described as an oil 
SchoUz and Wolf rum, he. cit.), and piperidine in the presence of 
water at 200°. The existence of these isomerides is again 6 xplaine,j 
by the formulffi 

/CH,-N-CH,-ch, 






CoH„ 


CH, and CeH" 




The adsomeride was an oil; dimethiodidef leaflets, m. p. 78'^; rfj, 
picraUy orange-yellow needles, m. p. 116—117°. The jS-isomeride 
ns colourless prisms, m. p. 89° ; methiodidej stellar aggregates of 
dies, m. p. 206° ; perchloi'atet rhombic tablets, m. p. 196°. 


The isomerism in each case was confirmed by molecular-weight 
determination. It is remarkable that, not only do the isomerides differ 
in physical properties but also in chemical, the a-isomerides behaving 
as di-acid bases, whilst the /^-compounds are only mon-acid. All these 
bases exceed brucine in their sensitiveness towards nitric acid, giving 
an intense red coloration even in dilute solution, a similar efiect being 
also produced by other oxidising agents. D, F. T. 


Vicine. P. A. Levbne (/. Biol. Chm., 1914, 18, 305—311).— The 
author supplements the work of Johnson and Johns on this compound 
(this vol., i, 366, 579). Crystalline vicine obtained from vetch meal lias 
m. p. 242° and [a]^ ” 11‘7°. On heating at 100° with 20% sulphuric 
acid, divicine sulphate, C 4 H'g 02 N^*,H 280 ^,H 20 , appeared as a crystalline 
deposit. The compound differed from the sulphates of 4 : 5-diaiiiino- 
tetrahydropyrimid -2 : B-dione and of 2 : 5-diaminotetrahyciropyrimid. 
4 : 6 -dione, both of which were prepared by Traube’s method (A., 1900, i, 
416) ; but it is regarded as more closely allied to the latter than to the 
former, because of its behaviour towards nitrous acid and urea (uric 
acid formation). 

After the removal of the divicine sulphate, dextrose was recognised 
in the filtrate, and vicine is therefore regarded as a nucleoside com- 
posed of 2 : 5-diaminotetrahydropyrimid-4 : 6 -dione and dextrose, The 
following structural formula is Suggested, 


The Diketotriazinea. J. Bougault {CompL rtnd.y 1914, 159, 
83 — 85). — The author has prepared a number of diketotriazines of 

the type by the action of warm dilute alkali 

on the semicar bazones of the corresponding a-ketonic acids, the 
reaction being E-C<^~j^^>CO = Hp + R-C<^~^^>CO, 

The diketotriazines are crystalline substances, insoluble in water, 
but soluble in alcohol. Their melting points are much higher than 
those of the corresponding semicarba zones, and they can often be 
sublimed unaltered. They are acid, and on titration in alcoholic 
solution with phenolphbhalein as indicator they behave as monobasic 
acids. . They yield alkali salts and alkyl derivatives. The monoalkyl 
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1 tvatives obtained by the action of the mono potassium salts on 
fkvl ioilities are crystalline, have lower melting points than the 
tketotriazines, and are more soluble in organic solvents. They also 
'hibit slight acidity towards phenol phthalein. The dialkyl deiiv- 
are similarly prepared and have lower melting points than the 
fflonoalkyl derivatives. Alkalis decompose the monoalkyl derivatives, 
‘vine the corresponding alkylamines. The following diketotriazines 
fgve been prepared : dihetodimethyUthyltriazint^ CMeg'CjHgOgNg, 
p 285°; d&/6topkenyUriazinei C3H202NjjPh, m. p. 262°; dihilo- 

OMe*Cj5H4'C3HgON3, m. p, 273° ; 
\^yltTxazine, CHgPh-CgHgOgNj, m. p. 208°; diktlophinyUthir^ 
triazim CHPhtCH^CoHnOoNg, m. p. 266°; dihtopipironaUilitnyl’ 
CH^IO^-CeHg-CHICH'CgH^O^Ng, m. p. 282°. 

The method appears to be general, except for the fact that all 
attempts to prepare diketomethyltriazine (compare Thiele and Bailey, 
A 1899, i, 169) in this way were unsuccessful. W. G, 

Quinonoid Oxidation Products of Dianisidine and their 
Polymerijsai't®^- James Moir {South AfrkanJ. ScL, 1914, March).— 
By the rapid addition of a slight excess of concentrated aqueous ferric 
chloride to a solution of dianisidine in an excess of dilute hydrochloric 
acid below 25° a mlatance^ bluish-black crystals, is 

immediately and almost quantitatively obtained, which is regarded as 
the hydrochloride of the quinhydrone of dianisidine and the unknown 
3 : 3'-dimethoxydipheaoquinonedi-imine. The corresponding hydro 
tairffi,C28Hg204N4Brj, purple crystals, basic mM(j, C!g3H8j04N4(N0g), 
violet-black paste, aulphaie, C28H3204N4(S04), almost black substance, 
and dichromate^ C2gHgQ04N^,2H2Cr20,^, blackish- violet cake, are 
described. These salts yield dianisidine by reduction with stannous 
chloride, undergo various colour changes by treatment with water and 
with acids, and yield by treatment with alkalis or aqueous ammonia, 
dianisidine and a 6a«fi, OjgHggO^N^, m. p. 220 — 240° dark brick-red 
Bobstance. The base yields only dianisidine by redaction with hob 
stannous chloride, and forms olive basic salts and purple acid salts. 
The author regards it as a polymerised, 3 : 3'-dimethoxydipheno- 
quinonedi-imine having the formula 

N,[CeHs(OMe)-C,H3(OMe)-NHJ„ 

and suggests that Willsbatter and Kalb’s diphenoquinonedi-imine 
(A, 1905, i, 361) has a similar constitution. An attempt to prepare 
3 ; S’-dimetboxydipbenoquiuonedi-imine by oxidising dianisidine in 
chloroform by lead peroxide resulted in the formation of the base, 
CggHggO^N^, together with a small amount of a higher polymeride, 
m. p. 245°. 0. S. 

The Direct Fixation of Metals by Proteins. A. Benedicenti 
and S. Rebello- Alves [Biockem, Ztiisck, 1914, 65, 107 — 116).— 
A preliminary account is given of the solvent action of serum and egg- 
albumin on finely divided iron, This action takes place when all the 
carbon dioxide which can be removed by a pump has been eliminated, 
and also when the seium has been submitted to prolonged dialysis. 
The action is not a new suspension phenomenon^ and the iron taken 
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up is partly masked. Various possible^planations of the action 
offered by the authors. S. B. S. 

Composition of the Insoluble Gases Formed by the Deco^, 
position, of Organic Substances. R. H. Jessb (Ch»m, Zmt 
1914, i, 1682; from Univergiiy of lUinois^ BtdUiiny 1912, 9 

47 61). — A gas explosion in a sewer has caused the author to compare 

the composition of the gas with that formed in other reservoirs. 
Methane was present to the extent of 85% in the sewer, compared with 
^y^73% in the reservoir. When compared with the figures of other 
IPfestigators, the composition of the gases is shown to vary within 
wide limits, particularly with regard to nitrogen and carbon dioxidn. 
The origin of the gases is to be found in the hydrolysis of proteins^ 
which are peptonised and also converted into amino-acid'i, leucine, 
tyrosine and aromatic compounds. Gas is not evolved at this stage. 
Further, the amino acids are converted into fatty or aromatic acids 
with formation of nitrogen and ammonia. The acids obtained by the 
decomposition of protein substances are transformed into simpler 
acids with evolution of hydrogen and methane. Carbamide is cou. 
verted into carbon dioxide and ammonia, which is transformed into tha 
carbonate ; cellulose evolves carbon dioxide and hydrogen or methane, 
and yields fatty acids. Butyric and lactic acids are formed from starch 
and sugar, whereby, also, carbon dioxide, hydrogen and water are 
produced. In addition, fats undergo aerobic decomposition, and 
hydrogen sulphide and mercaptan are produced from organic sulphur 
compounds. H. W. 

Influence of the Mineralisation of the Caseins on their 
Solubility. L. Liitdet {Compt. renrf., 1914, 159, 122—124. Com 
pare A., 1913, i, 1116, 1414).— The soluble caseins of colostrum contain 
less inorganic salts than those of milk. The soluble caseins of milk 
contain from 4-61— 8 '36% of phosphoric acid and from 7*22—14-97% 
of lime, whilst those of colostrum contain only from 0*6— 1-4% of 
phosphoric acid and from 0*37—1*49% of lime. Further, the solubility 
of the caseins in milk serum, or even in water, is greater when they 
contain less mineral matter. W. G. 

The Conjugated Sulphuric Acid from Tendomucoid. P, A. 
Levbne and F. B. La Fobge («/. Biol. Chtni.^ 1914, 18, 237 240. 
Compare A., 1913, i, 917, 1006),— The analysis of the conjugated 
sulphuric acid obtained from tendomucoid shows that the components 
of this acid are identical with those of chondroi tin-sulphuric add, 
namely, chondrosamine, and glycuronic, acetic and sulphuric acids. 
Since the ratio of nitrogen to carbon was also 1 : 14, and the substance 
contained only one acetyl group in its molecule, the identity of the 
conjugated sulphuric acid from tendomucoid with that of chondroitin- 
sulphuric acid from cartilage is regarded as established. The melting 
point of the glycuronic acid osazone hydrazide obtained from either 
^bstance should be 122° (decomp.) instead of 115° as previously 
reported. «• 
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(jlie Chemistry of Proteolytic Ferments. E. Herzfeld 
ZtiUf:h.i 1914, 64, 103 — 105). — By dialysing a certain 
uantity of pepsin in aqueous solution, a definite amount of substances 
the ninhydrin reaction is obtained in the dialysate. When 
dialysed in 0*18% hydrochloric acid, less of such substances are 
btained. The same phenomenon is observed in the case of peptones. 
Xbe degrading action of pepsin in water and 0*18% hydrochloric acid 
jg about the same. Peptone solution, both in water and in acid, also 
degrades proteins to the same extent in both solutions, but the peptone 
0iiist be derived from the same protein as the substrate ; thus, a 
oeptone from egg-albumin will degrade this protein, whereas silk peptonb 
^ill not. Trypsin in aqueous solution on dialysis gives in the 
clialys^ates substances yielding the ninhydrin reaction, but less of these 
are obtained from trypsin when dissolved in sodium carbonate, 
fjyypgin will degrade proteins more rapidly in the presence of car- 
bonates than in pure water. The same happens in the case of amino- 
acids, which degrade proteins; in this case the specificity is not so 
marked as in that of the peptones. On the ground of these experi- 
ments, the author puts forth the theory that pepsin owes its action 
to the peptones it contains, and trypsin to the amino-acids, and as 
peptones and amino-acids can act catalytically (in traces) in degrading 
proteins, there Is no ground for regarding pepsin and trypsin as 
ferments. Similar generalisations are made with regard to other 
ferments. S, B, S. 


Tbe Conditions of Action of Pepsin. L. Michaelts and A. 
Mendelssohn {Biochem. Zeitsch., 1914, 65, 1 — 15). — The optimal 
hydrion concentration for peptic activity is about 4 x 10-^. Salta 
cause a small transference of this point toward the less acid position. 
Pepsin is a ferment which follows the ordinary dissociation laws, and 
the free cation is the proteolytically active constituent. This peptic 
activity can still be detected when the hydrion concentration reaches 
10 “^and from this point onwards the precipitating (rennin) action 
increases, and the pepsin in an electric field wanders to tbe anode. 
These facts seem to indicate that the rennet action of pepsin is due to 
the anion. There is no evidence of a special casease which digests the 
casein clot in a medium which is only very slightly acid. S. B, S, 


Ferments. I. Estimation of Fermentative Change by 
means of the Interferometer. I. Application of the “ Inter- 
ferometric Method” to the Study of Protective Ferments. 
Paul Hiksch {Zeitsch. physiol. Chem., 1914, 91, 440 — 449). — In 
experiments such as Abderhalden’s test for pregnancy the activity of 
the protective ferments leads to the formation of peptones which 
dissolve in the serum. The author’s method for detecting such changes 
is to measure by means of the interferometer the change in concen- 
tration which occurs in the serum in consequence of the solution in it 
of the peptones. R. V. S. 

Mechanism of Oxidative Changes. III. Heinrich Wieland 
(&., 19U, 47, 2085—2111, Compire A., 1913, i, 1304),— In the 
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last communication, it was shown that certain typical biologj^j^j 
oxidations are really processes of dehydrogenation ; in other wordp^tbe 
catalytic action of the ferments concerned does not consist in 
activating of oxygen, but rather in such an activating of the hydrogen 
atoms involved, that they are readily taken up by appropriate 
“ acceptors." 

The behaviour of aldehydes in presence of ferments is of especial 
interest. Three types of reactions have been recognised, namely, 
oxidation of the aldehyde, accelerated reduction of a third substance’ 
such as methylene -blue or p-benzoquinone, and intramolecular redistrb 
bution of the aldehyde into the corresponding acid and alcohol. It ij 
considered that these processes can be explained by the action of a 
single ferment, a ^^dehydrase," and that the assumption of separate 
oxydases, reductases, and mutases is therefore unnecessary. The 
aldehyde reacts in the form of its hydrate, and the ferment activates 
two of the hydrogen atoms, which are then taken up by an “ acceptor,” 
This may be oxygen or methylene-blue, etc., or it may be the 
nonh yd rated aldehyde, which would account for the mutate action, 
thus, R‘CH(OH )2 + R*CHO = II'C 02 H- 1 -R*OH 2 -OH. What the end 
result may be, whether it manifests itself as an oxidation or reduction 
or ‘‘mutation ” or a mixture of these effects, depends on the concentra- 
tion and speed of reaction of the various “acceptors." These 
conclusions are illustrated quantitatively in the case of Schardinger’g 
milk ferment and sal icy i aldehyde. 

In the 6rst place, when salicylaldehyde and fresh, unboiled milk are 
left in an atmosphere of nitrogen, salicylic acid and saligcniu are 
formed. In air or oxygen, more acid and less alcohol are formed, 
since the oxygen competes with the aldehyde-anhydride as an 
“acceptor" of the activated hydrogen of the aldehyde-hydrate. In 
presence of methylere-blue, in an atmosphere of nitrogen, still less 
alcohol is formed, the speed at which the dye takes up the hydrogen 
being much greater than in the case of oxygen. Against the 
assumption that all these effects are to be referred to the action of one 
ferment on salicylaldehyde, two objections may be raised, both cf 
which have been answered. In the first place, it is necessary to show 
that salicylic acid and saligenin themselves are not affected by the 
ferment, ir the presence of air or methylene-blue, which is, indeed, tlie 
case. Then it might be argued that a ferment specific to, say, the 
mutase action, would be damaged or destroyed by the presence of, say, 
methylene-blue. It is well known that the milk enzyme soon becomes 
inactive and this is especially so in the presence of the aldehyde, 
oxygen, or methylene- blue. A kinetic study of the above reactions 
shows, however, that the decrease in activity follows the same course 
in each case. This would not be expected if three different enzymes 
were at work, and is, therefore, evidence in support of the “ dehydrase” 
theory. 

Further studies were made on the influence of the concentration of 
the aldehyde on the reactions. The effect on the reaction depends, not 
only on the speed at which the aldehyde is activated, this being raised 
by increased concentration, but also on the speed at which the 
“ acceptor " combines with the hydrogen. The mutase effect in a 
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nitrogen atmosphere is considerably influenced, but not so the 
oxidation in oxygen, since this gas acts very slowly as an “ acceptor." 
It 18 therefore possible, under certain conditions of concentration, that 
more salicylic acid will be formed in nitrogen than in oxygen. 
5lethyleDe'^^“®» however, acts as an acceptor " about eight times as 
fast as oxygen» so the reduction of the dye is considerably accelerated 
bv raising the concentration of the aldehyde, within certain limits. 
^KePerence must he made to the original for details of the very many 
experioieots. Underlying them all, was the separation andestimition 
of falicylic acid and saligenin. For this purpose, the warm mixture 
was treated with 44fl?'“Sulphuric acid and left overnight. An aliquot 
part of the filtrate from the casein (usually 150 c.c.) was shaken with 
120 100, 80, and then 50 c.c. of ether, and the extract was dried and 
concentrated to 5 c.c. in a 30 c.c. bottle. The unchanged aldehyde 
was then removed as the bisulphite compound and the salicylic acid was 
extracted from the ethereal solution by sodium hydrogen carbonate, 
and the saligenin by sodium hydroxide. The respective aqueous 
solutions were decomposed by sulphuric acid, extracted with ether, and 
the extracts were dried and evaporated. The substances were obtained 
pure enough to weigh, but their purity was controlled by titration. 
For the estimation of saligenin, an approximately O' 4% solution was 
treated with an excess of 0 2 — 0'3iF-bromine water, and, after twenty 
^ecouds, the excess was determined iodometrically. Under these 
conditions, a constant amount of 5 '38 equivalents of bromine is 
absorbed by saligenin. It is extremely difficult to recover the whole 
of these compounds from milk, but 60 — 65% of the acid and 90% of the 
alcohol may be regularly separated by the above method. J. C. W. 

Mineral Water and Catalysis. Action of Philothion on 
Treatment with Water ft-om Sulphur Springs. J. de Rey- 
PAiLnADK {Chem, Zmtr,, 1914, i, 1210 j from Bull. gen. Thtrap.t 
1913, No. 18, 8 pp. Compare A., 1906, i, 999). — The role of hydro- 
genating ferments and the specific action of the sulphur in waters 
from sulphur springs on philothionic hydrogen are discussed. Hydro- 
gen sulphide is formed in the stomach by the action of the sulphur of 
the gastric juice on the water, and, occasionally, separation of free 
sulphur occurs. The latter, in contact with the philothion of the 
epithelial cells, forms hydrogen sulphide, which is added to that 
derived from the decomposition of sulphides. The hydrogen sulphide 
passes rapidly into the circulation, and, in a more oxidising medium, is 
converted into water and free sulphur, the latter being very finely 
divided or, possibly, in colloidal or atomic form. The sulphur is 
carried by the blood into all the organs, and again combines with philo- 
thionic hydrogen to yield hydrogen sulphide, whilst the philothionic 
hydrogen is regenerated by abstraction of hydrogen from the food. 
The cycle of operations is continuously repeated, and thus the philo- 
thionic hydrogen behaves as a hydrogenating catalyst, yielding 
hydrogen sulphide, whilst, on the other hand, the sulphur behaves as 
an oxidising catalyst, since it ultimately forms water from the free 
oxygen and the hydrogen of the food. Whereas the sulphur of the 
food is incapable of reacting with philothionic hydrogen and is thus 
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without influence, that supplied in the sulphur water increases th 
oxidation of the hydrogen in the foodstuffs. H. W * 

Preparation of Arseno-metallic Derivatives. Farbwerke 
voEM. Meibtbe, Lucius & BeAning (D.R.-P. 270268. Compare this 
vol., i, 345, 761). — In the preparation of these compounds, the use of 
ready-formed arseno-compounds may be avoided, as they may be 
formed by reduction of the corresponding substituted arsenic acids or 
oxides in p^sence of metallic salts. T. H. p 

Preparation of Methylglyoylphenylarsinio Acid and its 
Reduction Product, Bismethylglycylarsenobenzene. Les Etab. 
L1S3EMENTS PouLENC Fbeees and Karl Oechslin (Fr. Patent, 462276) 
— Methylglycylphenylarsinic act'd, AsO(OH) 2 *CgH^*NMe*CH 2 *CO,H 
obtained by hydrolysis of its esters by means of excess of sodjunJ 
hydroxide at about 60° and subsequent acidification, forms small 
white crystals, and when heated does not melt, but yields csrboti 
dioxide and dimethylaminopbenylarsinic acid, which decomposes at 
280 — 300° On reduction by means of sodium hyposulphite at a high 
temperature, it is converted into bismelkylglycylarsenohenztm 
C03H-0H2*NMe*CgH^'As:A8-CgH4-NMe‘CHa-CO2H. T. H. P. ’ 

Preparation of Additive Metallic Derivatives of Arseno- 
phosphorus and Araeno-antimony Compounds. Fakb^verke 
voRM, Meister, Lucius & Bruning (D.K.-P. 270259). — Additive 
compounds of metallic salts with organic arseno-phosphorus and arseuo- 
antimony compounds may be obtained by methods similar to those 
described earlier (this vol., i, 346, 761). They are very similar to the 
arse no -metallic derivatives and are of therapeutic value. T. H. P. 


Physiological Chemistry. 


The Basal Gaseous Metabolism of Normal Men and Women, 
Franois G. Benedict, Louis E. Emmes, Paul Roth, and H. Monmoutr 
Smith {/. Biol. Cham., 1914, 18, 139— 155).— The authors record the 
respiratory exchanges of a large number of healthy persons, male 
and female, with the corresponding temperature and pulse rate. 
The observations were usually made for periods of fifteen minutes, 
the average of several periods, taken on the same or different days, 
being recorded. A discussion of the results is not appended. 

H. W. B. 

The Sensitiveness of Oxygen Respiration [of the Cell 
Granule] towards Indifferent Narcotics. Otto WAKni'BCi 
{PflUger's Archiv, 1914, 158, 19 — 28).— The respiratory functioo of 
the granules contained in a centrifugalised extract of liver with 
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potassium chloride solution is depressed 50% by the follow- 
concentrations of narcotics expressed in milli-mois. per litre: 
methyl carbamate, 960; urethane, 360; propyl carbamate, 150; 
wobutyl carbamate, 33; isoamyl carbamate, 14. On the other 
hand? aqueous extract of liver, containing material dissolved 
out of the granules, has less respiratory power than the suspension 
of granules, and considerably greater concentrations of the 
narcotics must be employed to bring about a 50% depression of 
respiratory power, namely, methyl carbamate 2000 i^^mols. per 
litre, urethane 740, propyl carbamate 500, tsobutyl HPImate 90, 
fsoamyl carbamate 40. The granules, therefore, are not enzymes, 
but organised structures (organisms), H. W. B. 

Elimination of Carbon Dioxide during Manual Labour. 
GpsTA Beckeb and J. W. Hamalaihen {phem. Zentr., 1914, i, 1359 ; 
from Skand. Arckiv* Physiol,, 31, 198 — 240), — The elimination if 
carbon has been determined for a series of manual workers who 
were employed at their respective occupations in a large breath- 
ing chamber for three experiments, each lasting two hours. 
Experiments were performed on two workers for each occupation, 
and a remarkable similarity was found in the elimination of 
carbon by different persons similarly employed. The varying 
demands of different occupations on the bodily strength of the 
workers are well marked by the figures obtained for the carbon 
elimination. They are least, for example, for cobblers and tailors, 
greatest for masons and sawyers. The average of the carbon 
elimination (in grams) in the middle of the working period is 15' 63 
or 15'56 for cobblers, 11 ‘27 or 12‘31 for tailors, 37 ‘07 or 33‘28 for 
masons, and 45 ‘50 or 40’96 for wood sawyers. Of female workers, 
sempstresses (7*5 or 8*0) are at one end of the scale, washerwomen 
(25'91 or 16*91) at the other end. H. W. 

The Intake of Methyl Alcohol in Inspiration. A. Loewt and 
R. VON DER Heide {Exocksm. ZeiiBch., 1914, 65, 230 — 252). — Rabbits 
and dogs were exposed in a respiration chamber to air containing 
various quantities of methyl alcohol vapour. These amounts could 
be regulated by passing air through methyl alcphol in various 
dilutions in water. The air was measured by a meter, and the 
amount of alcohol was estimated at the beginning and end of the 
experiment. The toxic effects were noticed, and the alcohol in 
the animal bodies was estimated at the end of the experiment. 
In the presence of only 0*2% of alcohol in the air, quite appreciable 
quantities were taken up by the organism. With alcohol of this 
tension, and up to 0‘5%, the satuiation of the animal body is 
reached in two hours. With higher concentrations, the times 
required fof saturation are markedly longer, and when the tension 
reacheKl 2^% the maximal amount is not taken up even after eight 
liours, Pat animals, under similar conditions, take up less alcohol 
than lean ones. This is due to the small solubility in lipoids of 
methyl alcohol; the coefficient of distribution between oil and water 
is about 2| : 100. S. B. S. 
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Th6 Absorption and Dissociation of Carbon Dioxide by th 
Human Blood. Jobanne Chbibtiansen, 0. G. Douglas, and J c 
Haldane (/. PkymLt 1914, 48, 244 — 271), —Under normal 
ditions, the curve representing the relation between the ainou 
of carbon dioxide taken up by fresh, defibrinated blood and ih 
pressure of the gas is a very dehnite constant for the same 
dividual, and does not vary very much for different individuals 
At 40 mm. pressure, 100 volumes of oxygenated human blood take 
up about^^olumes of gas, and at 80 mm. about 15 volumes more 
Blood wl^B^has been deprived of oxygen takes up more carbon 
dioxide than oxygenated blood under the same pressure. Oxvppr 
tends, therefore, to drive out the carbon dioxide, and tlie action 
depends on the saturation of the haemoglobin. A curve is given 
showing the extent of this action with varying pressures of carbon 
dioxide. By means of these facts, an explanation is offered as to 
the method by which carbon dioxide is driven out of the Umgs |)y 
oxygenation. With the help of these and other data, it is also 
shown how it is possible to calculate the carbon dioxide pressure 
of the venous blood reaching the lungs, and the rate of blood flow 
through these organs. S. B. S. 

The Rate of Disappearance of Ammonia from the Blood in 
Normal and in Thyroidectomised Animals. Clara Jacobsoi? 
(/. Biol. Chem., 1914, 18, 133 — 137. Compare A., 1910, ii, .324’ 
1911, ii, 632).— The author has determined the rate of disappear- 
ance of ammonia from the circulating blood after intravenous 
injections of ammonium carbonate, the renal vessels being liga- 
tured to prevent escape through the kidney. The ammonia was 
estimated by a modification of Folin’s method, the normal quantity 
I>reseut in cat’s blood being 0’6 mg. per kilo, body-weight. 

So rapidly does ammonia disappear from the blood, that five 
minutes after the injection of ammonium carbonate equivalent to 
100 mg. of ammonia per 100 c.c. of blood, the ammonia content 
of the blood is scarcely above normal. No perceptible difference 
is observed in the case of parathyroid ectomised animals, and even 
when the liver js also excluded the ammonia content of the blood 
five minutes after the injection is not more than 8 mg. per 100 c.c. 
of blood. H. W. B. 


The Distribution of Glycogen in the Blood During Resorp 
tion of Carbohydrates from the Small Intestine. Osw. Polimanti 
[Biochmi, Btitsck.y 1914, 64, 490—494), — A dog was killed during the 
height of digestion after a diet rich in carbohydrates, and the 
amount of glycogen in various parts of the circulation was deter- 
mined. The following quantities were found in 100 grams of 
blood : in the carotid artery, 58‘21 mg. ; in the vena cava 
ahdominalisy 34*25; and in th© portal vein, 96*75. The author 
expresses the opinion that the synthesis of glycogen takes place ui 
the intestinal wall. S. B. S. 
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rfiie Fennentative Properties of the Blood. IV. The 
proteoclaetic Properties of the Formal Elements of the Blood. 
Lupwfo PINCOSSOHN and Kuet ReDiOKE yon Roqubs {Bioehem, Zeiisch., 
19 U, 64, 1—12. Compare A., 1913, i, 788, 1404 ; this voL, i, 895). 
— Tlio profceoclaatic action of the blood corpuscles (intact and 
lysed) from various spwies on different organs was investigated, 
tie Abderhalden dialysis method being employed. It was found 
uivariably that no proteoclastic action could be detected when 
ninhydrin was used as the reagent g. b. g. 

The Esterase of Blood. VI. Comparative Experiments 
with the Lipase of the Pancreas and the Esterase of the 
Blood. P. Kona and Z. Bien {Biockem. Zeit$ch., 1914, 64, 13—29. 
Compare this vol., i, 341). — The optimal activity of the pancreatic 
iipase lies between ^=8*3 and 9, a region distinctly more alkaline 
than that found for blood lipase. The anions are the active por- 
tion. The acid dissociation constant is rSxlO"^, as compared 
with 1 10"® for the blood- lipase. The two lipases are not there- 
fore identical. The action of the pancreatic lipase is accelerated 
by calcium, barium, magnesium, and manganese salts, which are 
without action on the blood lipase. Sodium fluoride inhibits the 
blood-lipase action to a much larger extent than it does that of 
the pancreatic lipase. The latter appears to act in a hetero- 
geneous, the former in a homogeneous, system. S. B. S. 

Fibrin in its Relation to Problems of Biology and Colloidal 
Ohemietry. The Problem of Blood Coagulation. IV. Forma- 
tion of dels in Liquid Plasma and Transudates obtained by 
the Action of Acids ; the Reversibility of these Gels and the 
Properties of their Sols. The Significance of Alkalescence as 
a Factor in Delaying or Checking Coagulation, E. Hebma 
[Bioehem, Zeitsch.f 1914, 64, 86—102. Compare this vol., i, 764, 
895 ). — Gel formation in natural fluids containing fibrinogen 
(transudates, etc.) can be slowed or inhibited by the addition of 
alkalis, but can be caused to take place, on the other hand, by the 
addition of acids or acid salts, until the liquid is near the neutral 
point. Such natural fluids behave towards acids and alkalis in 
the same way as the artificially prepared alkaline hydrosol of 
fibrin. The gels produced from such preparatiorm, and those pre- 
pared from natural liquids by acids, are quite similar in their 
properties. The gels produced by “spontaneous” clotting of 
natural fluids and by serum from natural fluids and alkali 
hydrosols are also similar. All the gels produced by various 
methods are reversible. It is presumed that gel-formation is in 
all cases due to the same protein. S. B. S. 

Fibrin in iter Relation to Problems of Biology and Colloidal 
Chemistry. The Problem of Blood Coagulation, V. E. 
Hekma {BioeJi^m, Zeitsch,^ 1914, 65, 311 — 331. Compare this voL, 
h 754, 896, and preceding abstract). — The author supplements his 
previous work with certain experiments on the influence of salts on 
gel-formation from plasma and transudates. S. B. S. 

VOL. cvi.'i. ■ ay 
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The Phyeicocheznical Mechanism of Hosmolysis by Spec a 
H eBmolysins. II. The Meotrical Oonduotivity of Sensitia^ 
Corpufloles and the Action of Inorganic Ferments or 
sols on them. Upendra Nath Brahmachari {Biochm, igu p 
227 — 229. Compere this voL, i, 347). — The adsoiytion of amho! 
ceptor by erythrocytes is followed by a diminution in the electrical 
conductivity of the corpuscles, due to the combination of th 
amboceptor with the corpuscular wall, ^ 

Metal sols, as well as other catalysts, such as animal charcoal 
platinum black, and colloidal iodine, do not bring about an 
haemolysis of sensitised corpuscles. H. W. B ^ 

Influence of a Number of Foods on the Secretion of the 
Digestive Glands. Oskab Wousbebg {Z«iUch. physiol, Chm., I 914 
91, 344— 371).— Meat, meat extract^ and milk cause an increase 
in secretion in the proportion to the quantity of food introduced 
whilst potato, butter, bread, and probably sugar do not. The 
increased secretion is due to “extractives,” which activate the 
hormone of the pyloric mucous membrane. The amount of secre- 
tion caused by a given stimulus in given circumstances is approxi- 
mately constant. When the amount of secretion is doubled the 
time required to empty the stomach is not doubled; it is often 
hardly increased. p,. y g 

The Dynamic Side of Biochemistry. F. Gowland Hopkiss 
{Rtp. Bo-U, Assoc,, 1913, 652 — 668 ). — Presidential address to Section! 
(Physiology). Metabolism deals mainly with simple moleculea, and 
a very large part of the chemical dynamics of the cell consists 
of simple reactions catalysed by independent specific enzymes. 

C. H. D. 

The Relationships of Lactic Acid to Carbohydrate Meta- 
bolism. I. The Appearance of Lactic Acid in the Urine of 
Rabbit in Phosphorus Poisoning. Otto von Fueth {Biockm. 
Ztitsch., 1914, 64, 131 — 155). — No increase in the lactic acid was 
observed in the urine of rabbits which had been fed on greens 
when doses of 0*005 to 0*20 gram of phosphorus were admin- 
istered. On the other hand, such an increase took place 
when much sugar was administered, either immediately after 
poisoning or in the terminal stages of the toxic action, The 
increase, however, was small compared with the amount of sugar 
ingested, and this fact gives the impression that the acid is not a 
direct product of sugar metabolism, but is perhaps derived from 
a “ lactacidogen.” There was no relationship between the amount 
of lactic acid in the urine and the alimentary glycosuria. Glycer- 
aldehyde ingestion caused no increase in lactic acid, and dextrose- 
phosphates caused only such an increase as could be due to the 
combined sugar. S. B. S. 

The Relationships of Lactic Acid to Carbohydrate Metsr 
bolism. II. The Lactic Acid Secretion in the Urine of 
Rabbits which have been Submitted to Low Temperature. 
Otto von FOeth {Biochem. Zeitsck, 1914, 64, 156— 171).-RabUt6 
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|ji which the body-temperature • has been reduced to 30® by 
jjjunersion in a cold bath excrete lactic acid in the urine. This 
phenomenon will happen several times with the same animal, pro- 
^ded only that a sufficient interval has elapsed between the 
intervals of cooling. It seems, therefore, that the animal does not 
possess an unlimited supply of material yielding lactic acid 
(lactacidogenV If the animal is submitted to the cooling process 
when on a diet rich in sugar, it tends readily to excrete the acid, 
hut if the same animal is cooled when in a condition of starvation, 
after adrenalin injection (so that the body is dehcient in carbo- 
hydrates), then the increased excretion of lactic acid will dis- 
appear. The excretion of lactic acid appears to depend in some 
way, therefore, on the condition of the supply of carbohydrate in 
the animal. In one experiment the administration of excess of 
sugar, without coo h ^> produced an increased secretion of lactic 
acid. ^ S. B. S. 

The Influence of a Vitamine-free Diet on the Carbo- 
hydrate Metabolism, Casimir Funk and Count Erwin von 
ScflOiNBORN (/. Fhytiol.t 1914, 48, 328 — 331). — Pigeons kept on a 
vitamine-free diet develop hyperglycaemia, with a diminution of 
the glycogen of the liver. The hyperglycsemia is especially marked 
in a sugar-free dieti which is followed by the disappearance of the 
liver glycogen. The addition of vitamine from yeast to such a 
diet produced in three cases a marked diminution of sugar in the 
blood and a formation of glycogen in the liver. Vitamine appears, 
therefore, to affect the carbohydrate metabolism. In the case of 
the fakfree diet, the glycogen of the liver is increased. S. B, S. 

Nuclein Metaboliam. I. Digestion of Yeast Nucleic Acid 
by Human Duodenal Juice. Isolation of Triphosphonucleic 
Acid, S. J. Thannhauser {ZeitscL physiol Chem.^ 1914, .91, 
329 — 335). — The product of this digestion (prolonged for seventy- 
two hours under toluene) does not contain nucleosides or free 
purine bases, but free phosphoric acid is present. From the mix- 
ture a substance, termed triphosphonucleic acid, can be isolated. 
It has the composition C 32 H 49 O 23 N 15 P 3 , [aJJJ -19*6®. The rotatory 
power and the titratable acidity of different preparations is the 
same. The substance yields a brucine salt, 

^32S49^23Ni5^3»{^23B^6^4N2)6> 

which crystallises in prisms, ra. p. 200 — 205®, When hydrolysed 
with ammonia in an autoclave, triphosphonucleic acid yields 
guanosine, adenosine, and cystidine. R. V. S. 

Nuclein Metabolism. II. Metabolism Experiments •with 
Adenosine and Guanosine. S. J. Thannhauser and A. Bommes 
[Zdtsch. physiol. Chem.y 1914, 91, 336 — 343). — In rabbits, injection of 
adenosine or guanosine is followed by an increased excretion of 
allantoin corresponding with 40% of the substance injected. In 
healthy men the injection is followed by an increase in the excre- 
tion of uric acid (75 — 82% of the corresponding amount), but no 

3y 2 
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increase takes place in the uric acid of the blood. In a case o£ 
severe gout, no increase in uric acid excretion was observed; 
a less severe case a delayed increase in the excretion of uric acid 
took place. In cases of gout, the amount of riric acid in the blood 
rises after each injection. In three out of four cases of gout, in. 
jection was followed by an attack of gout. B. y. g 

Purine Metabolism. I. The Effect of Adrenaline on the 
Elimination of AUantoin in the Dog. W. Falta {Chem. Ztntr.^ 
1914, i, 1360; from Zeitsch, expt. Path. Ther.j 15, 356^358 
Compare Abl, this vol, i, 111).— Experiments show a considerable 
(about 30%) increase in the elimination of allantoin during the 
adrenaline periods. Elimination of uric acid is slightly increased 

. H. W. ' 

The Nutrition of Mice on Diets centring Simple Pood- 
at-.nffla F. RoHMANN [Bioditm. Zeitsek., 1914, 64, 30 — 62).— ^5 
account is given of a long aeries of experiments on diets contain- 
ing a mixture of pure proteins (ca^inogen, egg-albumin, edestb) 
with starch, fat, and salts. It was found that whereas several 
such diets were sufficient for the maintenance of adult animals, 
they were unsuitable for young individuals, in which often, after 
a short period of development, growth ceased. Certain additions 
to the diet, such as malt extract and yeast, greatly increased the 
efficiency, even when administered to young animals. It is claimed 
that by the last experiments (carried out in 1902) it was demon- 
strated for the first time that it was possible to rear animals on an 
artificial diet compounded of simple food-stuffs. A long series of 
experiments on the value of different proteins is also described; 
too many factors are, however, involved for any definite con- 
clusions to be drawn. Proteins containing phosphorus (nucleo- 
proteins) and lecithin were not found to be indispensable. The 
author discusses the results obtained by Osborne and Mendel in a 
similar series of experiments, and puts forward a claim for priority, 

S. B. S. 


Experiments with Diets which are Qualitatively Insuffi- 
cient. S. OsEKi {iiochem, Zsitsek, 1914, 65, 158— 176).— Rye bread 
prepared with water is a far more efficient diet for mice than 
bread prepared from fine wheat flour. The addition, however, of 
milk, pressed yeast, cruder rye and wheat flours, and the extracts 
of the same can increase the nutritive value of the fine wheat 
bread, and even make it equivalent to that of the rye bread. The 
accessory food substances contained in the rye bread can be readily 
extracted with water, but not with alcohol and ether, and are 
, therefore, not identical with the food adjuvants which 
obtained from milk. S. B. S, 


apparently 
have been 


Suitability of Hardened Pats for Use as Human Foods. 
K. B, Lehmann {Chem. Zeit.y 1914, 38, 798—799). — Hardened fats 
prepared from earthnut, cottonseed and sesame oils were found to 
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contain from O' 1 to 6 mg. of nickel per kilo, of fat, quantities 
ffhich are considerably less than thwe found occasionally in foods 
j^pgred in nickel utensils; this alight metallic contamination is 
not injurious to health, and the author is of opinion that hardened 
fats may bo used as substitutes for the ordinary edible fats, this 
conclusion being confirmed by the fact that feeing experiments 
flfith hardened fats yielded satisfactory results. W. P. S. 

•1^0 Chemical Determinants of Clrowth. Oasimib Funk and 
ABCniBALD Bedce Macallum {Zeitsch. physiol. Chem.y 1914, 92, 
j^20. Compare Osborne and Mendel, A., 1913, i, 1128). — The 
authors were unable to maintain rats for more than forty-seven 
(jays on an artificial diet of purified casein, starch, sugar, lard and 
salts, together with butter. The conclusion drawn is that the 
'‘protein-free” milk used by Osborne and Mendel in their experi- 
ments must contain the growth vitamine, since the rats fed by 
these experimenters on a similar diet plus “protein-free” milk 
were maintained practically as long as rats fed on ordinary food. 

The authors also describe the effect of feeding chickens with 
polished rice with and without the addition of cod-liver oil. With- 
out the addition, the chickens die of polyneuritis within two 
months. The addition of the cod-liver oil prevents polyneuritis, 
but does not promote growth, showing the presence of anti-poly- 
neuritic vitamine and absence of growth vitamine respectively. 
The seven months' old chicken has not increased in weight during 
the last five months, and possesses no secondary sexual characters. 
A striking photograph showing the relative sizes of chickens fed 
on polished rice and cod-liver oil, and on a normal diet, ia 
appended. H. W. B. 

The Movements of the Intestinal Villi. B. F. Hamrleton 
{Amer. J. rhysiol.i 1914, 34, 446 — 447). — Microscopical observations 
have been made by the author on the movements of the intestinal 
villi when treated' with various solutions. Peptone, dextrose, weak 
alkali carbonates, etc., call forth (1) lashing movements, and (2) 
alternating shortening and lengthening of the villi. Dilute hydro- 
chloric acid checks the movements, and the villi return to the rest- 
ing condition and become covered with mucus. Alcohol of 10% 
strength first stimulates, then depresses, and soon stops the move- 
ments entirely. The addition of water or salt solution restores 
activity again. The behaviour to various drugs has also been 
investigated. H. W. B. 

The Action of Univalent Alcohols on the Surviving 
Intestine of the Babbit. Tas Kuno (Arch. expL Path. Pharm., 
1914, 77, 206 — 217). — ^Portions of the rabbit’s intestine have been 
suspended in isotonic Tyrode solution to which increasing quanti- 
ties of methyl, ethyl, propyl, butyl and amyl alcohols have been 
added, and the effect on the intestinal movements graphically 
recorded. The chief effect is an inhibitory one, which becomes 
more pronounced as one pass^ from methyl up to the amyl alcohol. 
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With very small doses, the movements may first become 
greater, but this effect soon passes off, and is replaced by inhibition 
The action of the alcohols alters the ^d;ent of the movements of 
the tissue, the actual frequency remaining unchanged. 

H. W. B. 

Carbon Dioxide Production ftrom the Nerve Fibre in 
Atmosphere of Hydrogen. Shieo Tashiko and H. S. Adams 
J, Physiol, 34, 405—413. Compare A., 1913, i, 313 ; ii, 725). ^Xhe 
author has measured by his new method (Zoc. dt.) the amountg 
of carbon dioxide evolved from the claw nerve of the spider crab 
when placed in air and in an oxygen-free atmosphere. In tbe 
absence of oxygen, the claw nerve gives off decidedly less carbon 
dioxide than in air, and the application of a weak induction 
current which, in air, stimulates the nerve and more than doubles 
its carbon dioxide output, fails, in the oxygen-free atmosphere, 
to, bring about any acceleration in the production of this gas. 
These results indicate that oxygen is primarily concerned in nerve 
metabolism, and are in harmony with the view that the real basis 
of all protoplasmic irritability is a chemical one. H. W, B, 

The Eelation between the Electrolyte Concentration of 
Some Neutral Perfusion Liquids and the Frequency of Beat 
of the Prog’s Heart. Mart D. Waller {Proc. physiol. 
xlviii— 1; Physiol, 1914,48). — The replacement of part of Ringer’s 

solution by a neutral isotonic solution of a non-electrolyte 
(carbamide or sucrose) in a perfusing fluid produces a definite 
diminution of the number of heart-beats, depending on the amount 
of the substitution. S. B. S. 

Carbohydrate Metabolism of the Isolated Heart of Normal 
and Diabetic Animals. 0. Loewi and 0. Weselko (P/lupr'i 
Archiv, 1914, 168, 155 — 188). — Glycogen in the rabbit’s heart is not 
used up on perfusion with Locke’s fluid, but it almost completely 
disappears if the dextrose is omitted from the perfusion fluid. 
Substitution of levulose for the dextrose, as well as other altera- 
tions in the composition of Locke’s fluid, also lead to glycogen 
olysis. Similar results are obtained with hearts from rabbits 
previously injectod with adrenaline (adrenaline-hearts). 

Perfusion of normal and adrenaline-hearts from ill-nourished 
rabbits with Locke’s fluid shows that the latter have to some 
extent lost their power of decomposing the^ dextrose. Eed action 
of the amount of potassium or calcium in the Locke’s fluid in- 
creases the glycolytic action of the adrenaline-heart, a similar 
effect not being observed with the normal heart. If the perfusion 
fluid, containing 0’02% of potassium chloride, after leaving tbe 
hear^ is shaken with oxygen or nitrogen at 38°, the dextrose dis- 
appears. This is due to the presence of formed elements from the 
heart, for, by centrifugalising, the perfusion fluid may be clarified, 
and has then no glycolytic power. H. W. B- 
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Degradation of Oholost©i*ol in AnixnaJ Organa. VI. 
rholesteroL Bile Acids. I. l4F8CHt)Tz(^«tec4.;)A^«io?. 1914, 

g, 309—528. Compare A., 1913, i, 932).— The unsaponifiable 
^ rtioD of the fat of the liver consists partly of cholesterol and 
P° tly of the WHsalled " non-cholesterols.” The latter are 
^foliterol derivative however, for on oxidation, the acetic acid- 
^ Inhuric acid reaction of oxycholesterol can be obtained. This 
*”artion i» also given (after oxidation) by the bile acids and by 
the bile R. V. S. 


jlobilisation of Sugar in the Surviving Liver of the Oold- 
hlooded Animal. A. Fbohligh and L. Pollak {^Avch, txpt. Path. 
/’AafTW., 19H» 77, 266 — 298). — The authors have endeavoured to 
ascertain whether the glycosuria resulting from the administration 
of various substances to the cold-blooded animal is due to a direct 
action on the liver cell, leading to the formation of sugar from 
stored glycog®^> ^ indirect one operating through the nervous 

gystSiD* 

^ Direct perfusion of the surviving liver of the frog with adrenaline 
leads to glycogenolysis, but this is prevented if ergotoxin, which 
naralyses sympathetic nerve endings, is simultaneously present in 
the perfusion fluid. On the other hand, ergotoxin does not inhibit 
the glycogenolysis brought about by ether or pituitary extract, 
which, therefore, has a different point of attack in the liver, leading, 
however, to the same end-result. 

The formation of dextrose following perfusion with pyruvic and 
other ketonic acids is due, not to their being transformed into 
dextrose, but to their stimulating action on glycogenolysis, because 
the effect is immediate, even at the low temperature and depressed 
metabolic activity associated with the tissues of the cold-blooded 
animal. Moreover, other ketonic acids, such as benzoylaoetic acid, 
from which dextrose could not readily be produced, bring about the 
same effect, and,' further, their action is annulled if ergotoxin ie 
also added to the perfusing solution exactly as is the action of 
adrenaline. 

As to the cause of the increased glycogenol 3 rsiB, it may be due 
to an easier passage of the diastase to the glycogen in the cell or 
to the new formation of, or activation of, preformed enzyme. Per- 
fusion with a diastase solution does not hasten the change; neither 
does the addition of adrenaline hasten glycogenolysis in minced 
liver; but ether does. The conclusion so far is that different agents 
act in different ways. H. W. B. 


The Importance of the Liver in the Formation of tJrea 
from Amino-acids. Oyrtts H, Fiske and James B. Sumner (/. 
Biol. Chm.^ 1914, 18, 28$ — 295). — Experimental evidence is brought 
forward showing that the' liver is not the only site of the formation 
of urea in the animal organism. 

The influence of the liver, kidney, and other abdominal organs 
on the blood circulation in the cat has been removed by the 
ligature of the corresponding arteries and veins, and it has then 
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been found that the injection of solutions of amino-acids is foUowft^ 
by the formation of urea, just as when the liver is present, T? 
increase in urea was observed in both blood and muscles, and » ^ 
of about the same extent in “operated” as in “contror’ animak^ 

H. Vf. ^ 

The Ferments of the Pancreas. IV. Steapsin. Jogj^ 
Mkllanby and V. J. Woollet (/. Physiol-i 1914, 48, fe7-^302\,l 
The stability of steapsin in alkaline solution is similar to that of 
trypsin. Fresh pancreatic juice loses 10% in an hour at 40°, tQV 
at 50°, and at 60° the whole is destroyed within five minutj 
Steapsin is stable in the presence of large quantities of the higher 
fatty acids, but in rapidly destroyed by minute amounts (0'02y. 
hydrochloric acid) of free mineral acids. It cannot exist in the 
presence of free trypsin, and is therefore rapidly destroyed when 
pancreatic juice is activated by enterokinase. Serum or egg- 
albumin protect the steapsin from destruction under these condi- 
tions, owing to their containing antitrypsin. The lipol 3 rtic activity 
is largely increased by bile and bile salts, but electrolytes have 
little influence. There is no evidence that pancreatic steapsin can 
be separated into an enzyme and co-enzyme. The destruction of 
steapsin by trypsin is absolute, and the ferment cannot be 
reactivated by the addition of serum or bile. S, B. S. 

Physiology of the Thyroid. IV. Pate of Iodine in the 
Thyroid Gland, F. Blum and R, GbOtzner (Zeitsch. physiol, Ghm., 
1914, 91, 400 — 424. Compare this vol., ii, 670). — Most of the 
iodine of the thyroid gland is present in the form of a compound 
with protein, but a small portion exists in the form of compounds 
soluble in acetone; among these the presence of free alkali iodide 
can be demonstrated. Alkali iodide occurs in this way, even when 
it cannot have been contained in the food. The quantity of iodine 
found in the thyroid gland varies greatly; in the sheep 1— IS 
milligrams per gland is an average value; in the dog the quantity 
is less on the average, but varies more. When alkali iodide is 
administered, the amount of iodine in the thyroid increasea, but 
it is present there in organic combination. The iodo-protein of 
the thyroid (thyreoglobulin) has not a constant iodine percentage; 
the percentage increases after administration of alkali iodide. 
Administration of alkali iodide after removal of one lobe of the 
gland causes an increase in the amount and iodine percentage of 
the thyreoglobulin in the remaining lobe. When iodine is no longer 
present in the food, it remains in the thyroid, and if it was present 
there in unusual amount before, the amount remains high after- 
wards. R. V. S. 

Physiology of the Thyroid. V. Does Iodine Occur in 
Blood ? F. Blum and R. GrAtzner {Z^Hsek physiol. Chem., 1914, 9l, 
450 — 464). — Iodine found in the blood can he considered of thyroid 
origin only if it is in organic combination, and this the authop 
have been unable to find in normal blood. Iodine in inorganic 
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combination when present in the blood has arisen from the food 
13 a toansient ^-^enoe. Animals fed with iodine-free food 
have no morgaiuc iodine in their blood, althouph their thyroids 
contain much iodine. ® ^ 

After ^mistration of alkali iodide “inorganic” iodine can he 
detected in the blood for a long time. In some pathological condi- 
tions (eclampsia, nephntis) “organic” iodine probably of thyroid 
origin can be lounq in some of the cases, V "^S 

The Signiflcance of the Thyroid Gland in Carbohydrate 
lletabolism. Gunnar BdE(5focA0m. Zt^itsch., 1914, 64 450—470) 
The experiments were carried out on rabbits, and the’ estimations 
y blood-sugar were made by Bang’s microchemical method The 
vilues of the blood-sugar are not altered either by hypo- or hyper 
thyroidism. The administration of thyroid gland does not alter^e 
action of adr^aline on the blood-sugar. On the other hand, it 
inhibits the ^lon of pituitrin on adrenaline hyperglycemia. Id 
hyperthyroidism the inhibitory action of pituitrin on the thyroid 
is weakened whereas in athyroidism it is increased. Some months 
after thyroidectomj, an increase in the weight of the pituitary body 
can be observed; in the course of this time the diminished action 
of the thyroids on the pituitary body is compensated; anatomical 
investigations show that the compensation takes place contem- 
poraneously with a hypertrophy of the glandular portion of the 
pifcmfca^ body; this organ appears, therefore, to act as a reserve 
fo the tnyroid action on the blood-eugar. S B S 

The Active Prmciple of the Pituitary Body. M. Gdggxn- 
iiEiH Zatsck, 1914, 65, 189-218).~Io addition to the 

ordinary protemogenous amines which occur in other organs the 
a specific substance, which can be distiu- 
pishrf by Its characteristic actions on blood pressure and respira- 

terus ’TheT.b ’ tone in the ?at’s 

oterus, rhe substance lu question is extremely sensitive to the 

action of alkali hydroxides, which destroy it, and is in this respect 
laaiogous to pilocarpine, to which it is also alike in certain pharma- 
iriogical actions The activity of the pituitary substance differs 
j activity cannot be restored after it 
illirZh^l destroyed by alkalis. It is, however, more nearly 
led, both chemically and pharmacologically, to acetylcholine It 
ffers from this base in that the latter, after repeated injection into 

OSes of thp ^ pressure after repeated 

P that the active 

ce^idue! * derivative of an alkanolamine with an 

S. B. S. 

Chemietiy of Lipoid Substances in the Suprarenal Cap- 

Several ’^7’ 304-316). 

>dies Tf a «xtracted from the suprarenal 

eep and ox, including two monoaminomonophospha- 
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tides, lecithin and cephalin, cuorin, sphingomyelin, jecoriu 
two other phosphatides. Cholesterol was aJao found in the sunr 
renals of both animals, chiefly in the free state, with only a sin n 
proportion in the form of ester. 

No relation could be established between the content of chol©. 
sterol ester in the blood semm and suprarenals respectively. ^ 
suprarenals have the power of storing up cholesterol esters an^ 
free fatty acids. H. W. B 

The Oephalin and Other Lipoids of the Cortex of the 
Suprarenals. Richaed Wagner {Biochmn. Zdlsch.^ 1914 ^ 04 
72-^1). — The following lipoid substances could be found in the 
cold alcoholic extract of suprarenals— a monoaminophosphatide 
(cephalin), which is insoluble in acetone and absolute alcohol, but 
soluble in ether; a substance insoluble in acetone, alcohol, or ether 
but soluble in chloroform or benzene, which darkens in the air and 
contains nitrogen and phosphorus (corresponding with the sphingo- 
myelin of other authors) ; a phosphatide of the character of leci- 
thin, which is insoluble in acetone, but soluble in alcohol or ether 
and various nitrogen-free fata. A substance of aminolipoid char- 
acter was not obtained. The cephalin yields on hydrolysis 1 
substance which is probably hydroxyethylamine. S. B. S. 


The Amount of Garnosine in Mammali&n Muscle. Qrro 
VON FtjRTH and Theodoe Hryntschak {Bioehem. Zeitsch., 19U, 64, 
172 — 193). — The so-called carnosine fraction of meat extract (that 
is, the part precipitated by silver salts and barium hydroxide after 
preliminary separation of the colloids by lead acetate) contains some 
nitrogenous substance other than carnosine. The true carnosine 
content in this fraction can, however, be estimated by two colori- 
metric methods. One of these depends on the colour yielded by the 
histidine complex in the molecule with diazobenzenesulphonic acid, 
and the other on the violet colour yielded by carnosine itself when 
boiled with cupric hydroxide. It is possible to obtain the copper 
salt, to which this colour is due, in a crystalline form, hut, as a rule, 
not more than one-half to two-thirds of the carnosine present can 
he BO isolated. The amount of carnosine in 1 kilo, of meat is 
estimated to be between 2 and 3 grams. S. B. S. 


[i^;The Amino-acids of Horse-flesh Hydrolysed by Sulphuric 
Acid. Tuluo Gayda (Bioehem, Zeitsch.^ 1914, 64, 438 — 449).— 
Analyses of the distribution of nitrogen in the products of hydrolysis 
by van Slyke’s method have been carried out. The comparison of 
the numbers obtained by other authors for other varieties of 
muscular tissue is made, and the evidence indicates that these 
proteins have different constitutions. S. B. S. 


The Influence of Ultra-violet Rays on the Colour of the 
Hair of Rabbits and Guinea-pigs. S. Secerov (CompL rend., 
1914, 158, 1826 — 1828). — Exposure of white-haired guinea-pi^ or 
rabbits to the action of ultraviolet rays at a distance of 9—10 cm. 
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itjm the lamp for a considepble time produces a coloration of the 

•j. In the case of the guinea-pig the white hairs become yellow 
\ter thirty-five to forty hours, and in the case of the rabbit after 
hours, the colour finally becoming reddish-yellow. The 
^ration only occurs at those parts directly exposed to the rays, 
[n the case of animals partly black- and white-haired the coloration 
f the white hairs takes place more rapidly than with a pure white 
animal. The coloration is produced in the hair when detached 
from the animal, but less rapidly than when growing. Heat pro- 
duces a yellow coloration, but a temperature of 150° is necessary. 

W. Q-. 

The Purine’ Enzyme3’'’of the Orangutan (Simia Satyrus) 
and Chimpanzee (Anthropopithecus Troglodytes). F. Gidkon 
Wells and Georgie T. Caldwell (/. Biol. Ckmi., 1914, 18, 157 — lf55). 

enzymes capable of decomposing uric acid were found by the 
authors in the tissues of an orang-utan and of a chimpanzee. These 
results are in accord with Wiechowski^s observation that the chim- 
panzee excretes uric acid and no allantoin in the urine. The 
anthropoid apes resemble man, therefore, in this respect, wherein 
they constitute a marked exception to all other mammals, includ- 
ing the monlcey. The anthropoids, like adult man, also contain 
little, if any, adenase, but guanase is present in nearly all their 
tissues. Xanthine- oxydase was present in the liver of the chim- 
panzee, but not in any tissues of the orang-utan. H. W, B. 

Some Extractives from the Crayfish, Formation of 
Creatine in Animals. Fr. Kotscher {Tmimh. BioK. 1914, 64, 
o 4 {)__ 24 B). — The muscle of the crayfish {Astacus flvviatilis) con- 
tains the same extractives as that of the shrimp (compare Acker- 
mann and Kutscher, A., 1907, ii, 283, 491 ; 1908, ii, 53), namely, 
leucine, tyrosine, purine bases, £?-a.rgimne, betaine, and ne'osine. 
The presence of arginine instead of creatine in these cold-blooded 
animals, with depressed oxidative processes, confirms the view that 
arrinine is the precursor of creatine in muscle. H. W. B. 

The Secretions of Pishes^ Skins. Part I. The Chemistry 
of Eel-slime. Johannes MOller and Hans KEINB^CTT {Z^Mseh. 
phmol 1914, 92, 56 — 74), — Fel-slime contains ahont 12% 

dry substance, 75% of which consists of a protein resembling the 
nncleo-albumin of snaiPs liver. The remainder is made up chiefly 
of lipoids, namely, esters of cholesterol, a crystalline diaminomono- 
phosphatide, which commences to liquefy at 120° 

and melts finally at 177 — 179°; a di ami nomonophosphatide, 
which is possibly an oxidation product of the crystal- 
line phosphatide; a phosphatide of the lecithin type; and a basic 
siihsfcance of betaine nature. Ho true mucin was defected. 

H. W. B. 

Reactions of Earth-worms to Hydroxyl Ions. A, T. Shoiil 
fduier. J, Physiol., 1914, 34, 384— 404).— The author has placed 
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earthworms (AUolohophora foetida) in contact with alkali soluti 
of various concentrations, and has measured the times which h^^ 
elapsed before the worms have withdrawn themselves from 
solutions (reaction time). The reaction time has been found to h 
proportional to the number of hydroxyl ions in the solution and 
to be independent of the anion. Temperature is an impoitant 
factor; the higher the temperature the quicker the reaction. 

H, W. B. 

Estimation and Signifloanoe of the Ammonia Content or 
Milk, J. Tillmanns, A. Splittgsrbkr, and H. Rifpabt 
Genussm,, 1914, 27, 801). — Tn connexion with their recent paper on 
this subject (this vol., i, 454), the authors wish to make mention 
of a previous investigation by Rullmann (A., 1911, ii, 667). 
latter found larger quantities of ammonia in fresh milk than did 
the authors in their experiments, the difference probably being due 
to the fact that Rullmann distilled the milk with the addition of 
calcium hydroxide. W. p. g. 

Source of the Thiosulphate in Rabbit’s Urine. £. Sai. 
KOW8KI (ZeiUch. pkysid. Ckem.^ 1914, 92, 89 — 103). — The substance 
which causes the appearance of thiosulphate in rabbit’s urine is 
contained in an aqueous extract of cabbage. It is not thiosulphate, 
but is destroyed by warming with hydrochloric acid. The adminis- 
tration of thiosulphate, sodium sulphite, and sodium sulphate is, 
in each case, followed by the elimination of a small amount of 
thiosulphate in the urine. 

White cabbage contains about five times as much organic sulphur 
as carrots, and after feeding rabbits with these materials the urine 
contains corresponding quantities of organic sulphur. H. W, B. 

Alteration in the Oxidation of Methyl Alcohol by Other 
Alcohols. Ernst Asser [Ghtm. Zentr,, 1914, i, 1369; from 
expt. Path. Thej'.f 15, 322 — 334). — It has been shown by Krol (Arck. 
expt Path. Pharm.f 1913, 72, 444) that formic acid is an intermedisite 
product in the oxidation of methyl alcohol. Determinations of 
formic acid in the urine (compare Fincke, A., 1913, ii, 636) show 
a decrease in the amount of acid after administration of alcohol, 
amyl alcohol, or acetone. If this effect is due to a limitation of the 
oxidation, an increase in the amount of exhaled methyl alcohol 
might be expected; an experimental investigation by the method 
of Voltz and Dietrich (A., 1912, ii, 575) shows that this is cot 
the case. The diminished elimination of formic acid must therefore 
be attributed to an increased oxidation of the latter. If these 
results, obtained with formate and ethyl alcohol, are applied to 
experiments with methyl and ethyl alcohols (in which the former 
may be regarded as a source of formic acid), the conclusion may he 
drawn that the administration of ethyl alcohol increases the power 
of oxidation of formate in the body. H. W. 

Creatinine and Indican in the Urine of Domestic Animals. 
Hugo mNzm {PJluger'8 Archiv, 1914, 158, 41-83).— The amounts 
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zin. Tlie amount of creatinine in the urine slowly diminiaheg 
matter whether the animal ia in a fasting state or fed on prote*'^ 
The amount of creatine varies considerably, and is wholly in?' 
pendent of the amount of body tissue destroyed. Analysis^of til 
muscular tissue of the animals at the end of the exwrimenn 
periods showed the presence of amounts of creatine rather 
the normal, so that the creatine eliminated in the urine did 
have its origin in preformed creatine of the muscles. The 
expressed is that creatine is probably being formed in the anhn^ 
organism in relatively large amounts, and ia normally eith 
utilised or destroyed, tie power to metabolise creatine being directly 
related to that of metabolising carbohydrate. ^ 

The relation of urinary creatinine to muscle creatine has not 
yet been established. H. W, B 

Q-out. III. H. Bechholb and J. ZiEGLEn (Biochem, 1914 

64 , 471 — 489). — Measurements of the solubilities of uric acid and 
sodium urate in water, salt-free sera, normal sera, and seia witli 
and without the globulin fraction, are given. The measurements 
were made either by cooling supersaturated solutions or by shakiiiff 
the fluid with excess of soli^. In using the first method an 
important factor must be taken into account, namely, the time 
for whereas in the case of aqueous solutions the separation of the 
excess of solute takes but a ^ort time, a prolonged period elapses 
in the presence of serum before the solution reaches a constant 
composition. Attention is called to the importance of this factor 
in the study of gout. Experiments carried out by the ultra-filtra- 
tion method tend to show that sodium urate can exist in colloidal 
solution. S. B. S. 

The Mechanism 'of Certain Forms of Hyperglycaemia 
produced Experimentally in Rabbits. II. and III, Ivak 
Bang {Biockern. ZeiUch., 1914, 65, 283 — 295, 296 — 310. Compace 
this vol., i, 230). — II. The author finds that diuretin in many 
cases does not lead to hyperglycsemia, and that the results with this 
drug are by no means uniform. Generally, the combined action of 
diuretin and larger amounts of urethane leads to hyperglycemia, 
but the want of uniformity in the results compels Mm to abandon 
the hypothesis he has previously put forward, as to the psychic 
action of the diuretin, although he believes that small amounts of 
narcotics can partly or wholly suppress various forms of hyper- 
glycaemia (compare this vol., i, 230). Hyperglycsemia due to the 
combined administration of urethane and diuretin is due to the 
former. 

III. The author draws the conclusion that hyperglycemia due 
to urethane 'is not a form of adrenaline hyperglycsemia. It is 
produced with certainty only by relatively large doses of the drug 
(T7 grams per kilo, of body weight or over); it is more readily 
produced in animals in low condition (after treatment previously 
with the drug, or other drugs which have affected its general con- 
dition, or in fasting animals) ; it is independent of the store of 
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glv cogen in tlio liver, and it is not inhibited pituitrin. The 
author believes that the urethane affects the lipoids of the organs 
of the body generally, and esp^ially those of the pancreas, and 
the glycosuria and h^rglycaemia produced are analogous in many 
respect to those in pancreatic diabetes. The hy^rglycsemia is of 
about the same intensity in both cases; glycosuria sets in with a 
relatively low degree of hyperglycaemia, and is, furthermore, in 
both cases accompanied by acetonuria. In the two last instances 
it differs from adrenaline glycosuria. It is not improbable that 
elycosuria duo to narcotics is the effect of the stoppage of the 
secretion of the pancreatic hormone. S. B. S. 

The Excretion of Potassium during Malaria. Alada k 
E iyEB and Bj&la von Purjjssz ( Biochem . 1914, 64, 63 — 71). 

—In malaria infection it was found, in the case of the patient 
under investigation, that the increased output of nitrogen was 
accompanied by an increased output of potassium. This potassium 
loss is still evident when the utilisation of sodium and chlorine is 
normal. The potassium metabolism is similar in this respect to 
the nitrogen metabolism, but the deficit in the latter element, in 
contrast to potassium, is most marked in the period of high 
temperature. S. B. S. 

A Case of Pentosuria. II. P. A. Leveme and F, B. La Forge 
(/ hid. 1914, 18, 319—327. Compare A., 1913, i, 1274).— 

The osazone and y-bromophenylhydrazone of the urinary pentose 
have been prepared and contrasted with similar compounds 
obtained from d- and ^xylose, d- and Larabinose, and t^-Iyxose, 
with none of which, however, have they been found to be identical. 
The osazone has m. p. 160°, with effervescence at 163°, and 
0 ^ + 015° (in pyridine alcohol), rising to +0'57° in eighteen hours. 
The pentose-^bromophenylhydrazone (CjiHi 504 N 2 Br) has m. p. 
130—131° (corr.), and decomposes at 154°. The rotation in 
alcohol increased from [ajj, — 1'00° to +P12° in eighteen hours, 
^-Xylose-p-bromophenylhydxazone had [o]jj“0'06° in alcohol, rising 
to +0‘06° in eighteen hours. if-Lyxose-j>-bromophenylhydrazone 
had m. p. 161'5° (corr.) and [a]2j+l*06° in pyridine, changing to 
+ 0'26° in twenty-four hours. (i-Lyxose-^>-nitrophenylhydrazone 
melted at 172° (corr.). 

Hydrolysis of the urinary pentose-^bromopheuylhydrazone was 
carried out with benzaldehyde, but the free sugar was not obtained 
in crystalline form, nor did it furnish a crystalline oxidation pro- 
duct. The conclusion is drawn that the pentose is a keto-pentose 
corresponding with Myxose or d-xylose. H. W. B. 

The Curative Action of Autolysed Yeast against Avian 
Polyneuritis. Evelyn Ashley Cooper {Bioakum. 1914, 8, 
250 — 252). — Small doses of autolysed brewer’s yeast readily cure 
avian polyneuritis. The liquid retains its curative properties for 
at least eight weeks, and, when given to birds in doses ten times 
^ great as the minimum curing dose, has no toxic action. Air- 
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dried yeast retains its curative power for two years. ^ The use uf 
autolysed yeast as suitable material for the preparation of anti- 
beriberi vitamine is recommended, E, W, B. 

Metabolism in Bence-Jones Proteinuria. Otto Folin and 
W. Denis (/. Biol, 1914, 18 , 277 — 283. Compare Hopkins 

and Savory, A., 1911, ii, 417).— A case of multiple myeloma of the 
ribs is described, in which a few observations were made of the 
effect of diet on the excretion of the Bence-Jones protein, 
the determination of the amount of Bence-Jones protein, 10 c.c. 
of the urine and 1 c.c. of 5% acetic acid were heated in a weighed 
centrifuge tube for some hours at 60°, then centrifugalised, and 
the deposited protein washed with alcohol and dri^ at lOQo. 
During the first period the patient, on a low protein diet, excreted 
about 2 grams per day of the BenceJones protein, which during 
the following period, on a high protein diet, increased to 6-5 grams, 
the total nitrogen also rising frqm about 6 to 16 grams per day. 
Much creatine was also eliminated during the latter period. After 
a short interval the patient fasted for two days, when 5 grams of 
Bence-Jones protein and 8-4 grams of non-protein nitrogen were 
daily eliminated. Equal amounts of BenceJones protein were 
excreted during twelve-hour day and night periods. 

The conclusions reached are that the formarion of the Beace- 
Jones protein is independent of the total protein metabolism, and 
is probably due to an internal autolytic digestion. H. W. B. 

The Occurrence of a Crystallisaible, Non-coagulable 
[Bence* Jones] Protein in the Urine of a Patient vrith Cancer 
of the Stomach. 0. Schumm and A. Kimmerle {Zeitsch. physiol 
Ckem., 19U, 92, 1—12).— A ppecimen of the urine was treated with 
sodium chloride and a trace of acetic acid, boiled, and filtered to 
remove coagulable protein. Alcohol was added to the filtrate, and 
the resulting precipitate redissolved in warm acetic acid. On keep- 
ing, crystalline needles of a substance settled out, which proved to 
be of protein nature. All subsequent attempts to again obtain 
the protein from the urine in crystalline form were unsuccessful. 

The needle-shaped crystals contained nitrogen and sulphur, gave 
positive Millon’s, Molisch, Ehrlich, biuret and xanthoproteic re- 
actions, dissolved in dilute acids and alkalis, and in their general 
behaviour closely resembled the crystals of “Bence-Jones” Protein 
described by Grutterink and de Graaff (A., 1906, i, 326). Post- 
mortem examination, showed that the pathological changes in e 
bone marrow usually associated with the “Bence-Jones” 
uria were absent. H. W. ■ 

The Iodine Content of Tuberculous Tissues. 

Lewis and Robebt B. Krauss (/. Biol. Cham., 1914, 18, 313— Hi). 
Tuberculous tissue derived from animals to which no iodine pre- 
paration has been knowingly administered may contam amouD 
of iodine very appreciably higher than normal control tissue or tn 
same animal. The statement that tuberculous tissue in anima 
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treated with iodine products may store up iodine must therefore 
be accepted with reserve. H. W. B. 

Retention of Nitrogen by Administration of Ammonium 
Salts or Urea, investigated by Permanent Intravenous 
Iniection Experiments. V. HEKBiQuia and A. C. Andersen 
^isich. phy^id' Chffm., 19U, 92, 21—45. Compare Grafe, 1913, 

\ 125, 1128). — The experiments were carried out on goats 

and turkeys with cannulas permanently inserted into peripheral 
veins, by means of which sugar, sodium acetate, sodium citrate, and 
simple nitrogenous substances, such as urea and ammonium acetate, 
administered to the animals day by day. In this way, the 
possibility of synthetic action through the agency of bacteria in 
{^e intestine was avoided. The results show^ that a permanent 
retention of nitrogen in the body was in no case achieved, and the 
conclusion drawn is that the nitrogen retention on feeding with 
urea and ammonium salts, observed by Grafe and others, was due 
to the action of bacteria in the alimentary canal or to a simple 
retention of these substances in an unaltered form in the body. 

H. W, B. 

Reversible Paralysis of Peripheral Nerves by Acids and 
Salts. Friedrich Hackee {^ntsck. Biol., 1914, 64, 224—239).— 
Injection of dilute inorganic or organic acids temporarily paralyses 
the neighbouring peripheral nerves, as evidenced in man by the 
local anaesthesia produced, and in frogs by the increase of the 
tlireshold stimulus of the sciatic nerve. The extent of the paralysis 
is largely dependent on the concentration of hydrogen ions. When 
bases are injected, hyperalgesia results as a secondary effect of the 
contemporary hyperaemia. Salts which are partly hydrolysed in 
solution exert on injection the same action as the stronger ion. 
The weak local anaesthetic action of morphine hydrochloride is not 
due to the morphine, because when coupled with a weaker acid no 
anaesthesia is produced. The analgesic action of potassium 
sulphate is due to the potassium ion. In practice, the use of 
magnesium sulphate, or, better, chloride, is preferred, because these 
salte on injection produce less injury to the tissues and no pain. 

H. W. B. 

The Pbarmacological Action of Acids which Precipitate 
Calcium and of Magnesium Salts. £. Starkenstein {Arch. cxpi. 
Path. Pharm.^ 1914, 77, 45 — 82). — Similar toxic effects are produced 
by the administration to rabbits of any of the following substances, 
which form precipitates with calcium ions : oxalic acid, sodium salts 
of ortho-, pyrO', and meta-phosphoric acids, sodium inositol- 
phosphate (phytate), and sodium fluoride. Animals showing 
intense toxic symptoms as the r^ult of lethal doses of these sub- 
stances may nevertheless recover if calcium chloride is injected. 
Conversely, a preliminary injection of calcium chloride renders 
these substances innocuous. The toxic symptoms are lowering of 

IfOL, CVI. I 3 2 



i. 1030 ABSTRACTS OW CHEMICAL PAPERS. 

blood pressure, rise of temperature, and slowing of the heart, witj, 
eventual arrest in diastole. 

Phosphates and phytates inhibit blo^^ clotting in a similar 
manner to oxalates and fluorides. Addition of magnesium salts 
restores the clotting property of the blood. Mixtures of salts of 
calcium-precipitating acids and magnesium salts, ^ and the soluble 
magnesium salts of oxalic and metaphosphoric acids, do not exert 
any toxic action. As these salts and salt mixtures precipitate the 
calcium ion, it follows that the magnesium ion can replace the 
calcium ion in certain of its functions in the body, and the toxic 
action of acids which precipitate calcium is due to the withdrawal 
of calcium ions, and not to the respective anions. H. W. B. 

The Action of Iodine in the Animal Body. IjEO Adleb and 
Ludwig Czapski {Biochfim, Zeitsch., 65, 117 — 128).— It hig 
been shown by Adler that the injection of iodine in potasaium 
iodate (Lugohs solution) can lead to an. injury to the testicles, 
resulting, with the correct dose, in a complete destruction of the 
parenchyma. The same result cannot be produced by potassium 
iodide alone. Experiments Were carried out on^ rabbits with the 
object of throwing light on this action. The iodine in various 
tissues was estimated after injection both of the iodine alone and 
of the iodate containing free iodine. After both injections, how- 
ever, the iodine was found in inorganic form in testicles and other 
organs, and not combined with any organic substance. In no case 
could any iodine derivative of a protein be detected. So far, the 
, ^results offer no explanation of the characteristic action of solutions 
containing free iodine. S- S- 

The Synthesis of Hippurio Acid in the Animal Organism. 
II. The Synthesis and Bate of Ehmination of Hippuric Acid 
after Benzoate Ingestion in Man. Howard B. Lewis {J, Bi<^, 
Chem., 19U, 18, 225—231. Compare this voh, i, 774).— In man, 
after the administration of from 6 to 10 grams of sodium benzoate, 
elimination as hippuric acid takes place very rapidly, 85 to % 
of the ingested benzoate being excreted in from five to six hours. 

^ The rate of elimination of hippuric acid after the administratian 
of sodium benzoate is only sliglitly less rapid than ate the 
administration of hippuric acid. After benzoate ingestion, nie 
urine collected during the first six hours, the period during which 
the greater part of the hippuric acid is being excreted, has a lower 
urea -i- ammonia content than in a normal control period, indicating 
that hippuric acid nitrogen is derived at the expense of the nitrogen 
normally eliminated as urea. E. W. B. 

The Action of Caffeine on Striped Muscle. Knud J. A. 
Secheb (Arch. expt. Path. 1914, 77, 83 — 121). Per fusion 

with 1 ; 30,000 caffeine solution produces histological changes uj 
the voluntary muscle fibres of the frog similar to those brought 
about by xanthine, theobromine, and theophylline. Similar results 
are obtained with birds and mammals, but only with solutions oi 



PHYSIOLOGICAJ. tJHEMISTRY. i. 1031 

niuch greater concentration (up to 2 %). Caffeine in low concentra- 
tion increases contractility of the muscle, but the work done is 
increased only when the muscld is unsupported, H. W, B, 

The Behaviour of Sodium Formaldehydesulphite (Hydroxy- 
njethanesulphonate) in the Organism; its Applications to 
Therapeutics. FfiiEnaica Simon (BiocKtm. ZeitscLy 191 4, 65, 
71 __ 106 ). — This substance can be tolerated in relatively large doses. 
Thus, a man can take 9 grams within fourteen hours, and a dog 
30 grams within three days> and rabbits doses equivalent to 1 gram 
per^kilo. of body-weight, without ill-effects. The scission of the 
compound takes place very rapidly in the blood stream, and form- 
aldehyde can only be detected in the blood in the first few minutes 
after intravenous injection. Neither the unchanged drug nor 
formaldehyde could be detected in the urine. There is no evidence 
that th& drug possesses any value either as solvent for uric acid 
or as a urinary disinfectant. As an antidote to phenol (in experi- 
ments on rabbits) it is unable to counteract the final action of a 
lethal dose, but with smaller doses it can counteract or lessen 
the duration of the convulsions. It can increase the power of the 
organism to reduce methylene-blue. S. B. S. 

Some Physiological Properties of Galegine Sulphate. 
Gkorgbs Tanb et rsnd., 1914, 159, 108 — 111, Compare this 

col, i, 721, 859),— -Galegine in the form of its sulphate has a toxic 
effect both on cold- and warm-blooded animals. In the case of 
the frog, 0'02 to 0’03 gram injected into the peritoneum produces 
total paralysis in ten to fifteen minutes, with abolition of the 
reflexes. The respiration ceases at the end of one hour, whilst the 
heart only ceases to beat after several hours. With the guinea- 
pig, death ensues fifteen minutes after hypodermic or intra- 
peritoneal injection of 0‘23 to O' 2 6 gram per kilogram of live- 
weight, fifty-five minutes after O'l gram, and 105 bo 130 minutes 
after 0'03 to 0‘05 gram. A guinea-pig resists an injection of O' 01 
to 0'02 gram of the sulphate per kilogram of live-weight. The 
rabbit is slightly more resistant than the guinea-pig, whilst the 
dog comes between them. In all cases the first effect is to produce 
paralysis of the medulla and nerve centres, followed by asphyxia, 
the cardiac muscle in all cases surviving the cessation of respira- 
tion. Galegine sulphate has no haemolytic action, but in feeble 
dose tlie injection is followed by a short, rapid lowering of the 
blood pressure, and then a gradual and continuous rise, reaching 
4—5 cm. of mercury in five to six minutes, returning to its original 
value after twenty minutes. With toxic doses, the pressure 
diminishes at the en^^of a very short time, falling more or less 
rapidly, and does hob reascend. W. G. 

Action of Hydroxyquinoline and Certain of its Derivatives 
m Purine Metabolism. Felix Boenhbim (Chem. Zentr,, 1914, 
,1685 ; from Z^tsch. expt. Paik, Tker.y 15, 379-384).— The effect 
8 • hydroxyquinoline - o - acetoxybenzoate, “ 8 -hydroxyquinoline- 

3 a 2 
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glycerol ether, and hydroxyquinoline hydrochloride on the elmiina. 
tion of uric acid and allantoin in dogs has been investigate<l. 
doses of 8 -hydroxyquinoline^-acetoxybenzoate have no effect, whilst 
the quantity of uric acid is slightly dimini^ed and that of 
allantoin increased after medium doses; quantities of 5 grams have 
a similar effect, whilst, after 10 grams, an appreciable diminution 
of allantoin occurs on the first day. A toxic action is not observed. 

“ S-Hydroxyquinoline glycerol ether ” causes an increase in the uric 
acid, a diminution in the allantoin elimination. Ethyl phenyl- 
cinchonate brings about a slight diminution in the uric acid and 
increase in allantoin, whilst hydroxyquinoline causes a decrease in 
uric acid and in allantoin, H. \V. 

Chemical Study of Certain OaueeB of Poisoning by Carbon 
Monoxide. E. Kohn-Abrest (dn». Falsi^.t 1914, 7, 292—304).-, 
Carbon monoxide may be introduced into the atmosphere from 
sources such as charcoal furnaces, internal-combustion engines, gas 
stoves, etc., and analyses are recorded showing the composition of 
the gases produced in these cases. The gases from a charcoal fire 
may contain up to 1 * 8 % of carbon monoxide, those from a petrol 
engine 7*32% (in these gases the quantity of carbon monoxide 
exceeds that of the carbon dioxide), whilst the combustion products 
from gas heaters contain from 1 part in 15,000 to 0-3% of carbon 
monoxide, according to the supply of air to the burner. Tlie 
cumulative action of carbon monoxide on the animal system 
emphasises the necessity of thorough ventilation when any of the 
above-mentioned sources of heat are employed. W. P. S. 

The Bases of Gas-'works Coal-tar which are believed to be 
the Predisposing Cause of Pitch Cancer, with Special Refer- 
ence to their Action on Lymphocytes, together with a Method 
for their Inactivation. I. Auxetic Action. DonoinT Norris 
J.y 1914, 8 , 253— 259).— Coal-tar from gas-works contains 
certain bases which excite division of blood lymphocytes and otli^r 
living cells (auxetic action), leading to ulcers and epithelioma 
among the workmen employed. The auxetic bases have been ex- 
tracted with 5 % hydrochloric acid, and isolated in the form of 
their crystalline picrates. Picrate A has m. p. 199 — 201® ana 
empirical formula C 22 H 14 O 9 N 6 , and is less soluble in alcohol than 
picrate B, m. p. 161—162°. Hydrolysis of picrate A yielded a 
small quantity of active auxetic base. A practical method, applic- 
able on the large scale, of inactivating these bases in the tar is 
■ described, depending on the rapid loss of auxetic power on oxida- 
tion by air. 
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Compw^tive InveetigatioDS on the Action of ChemicO' 
therapeutlo Preparations and Other Antiseptics on Bacteria. 
A gcHiEMAKN and T. IsmwABA (Chem, Zenir.^ 19H, i, 1449 — 1450; 
{lira Ztiisch. Hyg. InJekt.-KraM.y 1914, 77, 49— 100).— The drugs 
galvarsan and ethylhydrocupreine are powerful antiseptics in vitro ; 
^jjpgriments in bouillon show that their power of checking develop- 
ment, liko that of mercuric chloride, extends to a dilution of 
1 in 500,000 to 1 in 1,000,000. The bactericidal action of salvarsan 
is noticeable at about the same dilution. In comparison witli 
other antiseptics, the action of these substances is highly selective. 
At the given dilution, salvarsan is only active towards the bacilli 
of dysentery, splenalgia, and glanders, ethylhydrocupreine towards 
pneumococci; the action towards other bacilli is one hundred to 
one thousand times weaker and slower. In all cases investigated, 
the action in vivo corresponds with that in vitro. The selective 
action of the chemicotherapeutic preparations on the above bacteria 
is approximately as powerful in vitro in serum as in bouillon, and 
actually better in active than in inactive serum. Sublimate 
behaves in the opposite manner. Phenol is much less weakened 
by serum than is sublimate. The action of salvarsan is not 
identical in all sera; thus, it is noticeably wealter in ox serum 
than in rabbit serum. The opposed behaviour in active serum of 
salvarsan ethylhydrocupreine on the one hand, and sublimate 
on the oth^Vpoints to an action of the labile components of serum, 
such as lipoids and lipoid albuminoids, during disinfection in vivo. 
A considerable weakening of the antiseptic action of salvarsan, 
sublimate, and phenol in bouillon is caused by the addition of 
lecithin or cholesterol in considerable concentration (1 ; 100). 
With regard to the quantitative relationship between the amounts 
of bacteria and antiseptic, the latter is found to increase dispro- 
portionately with the former. With similar concentrations of 
disinfectant and similar seeding, larger volumes of sublimate or 
salvarsan solutions showed somewhat more powerful actions, both 
bactericidally and in the prevention of development. In respect 
of these quantitative relationships, no distinct difference could be 
perceived between salvarsan, sublimate, and phenol. H. W. 

Behaviour of Bacteria, Yeasts, and Moulds towards lodioe 
Compounds. Albxaudeb Kossowicz and Walter Lokw {Bud. 
^entr.^ 1914, 43, 369; from Zeitsch. Gdrungsphysiol., 1913, 2, 
Heft 3). — With different varieties of pure yeasts grown in sugar 
solutions containing potassium iodide, no separation of iodine 
occurred. Similar results were obtained with most of the moulds 
employed. On the other hand, there was a considerable separation 
of iodine in cultures of Penicillium glaucum and AsperyiUu^ niyer, 
and also, in more prolonged experiments, with Clado&poriuni 
herbarum. 
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The positive results obtainiM with yeasts by Bokorny (A., 191 ') 

ii, 1201 ) are attributed to the prepuce of bacteria. 

N. H. J, M 

Decomposition of Formates by Bacillus coli communig 
Egebton Charles Grey {Proe, Soc.^ 1914, [jff], 87, 461-~47n_] 
The power of B. coU communis to decomp(Me formic acid varies 
considerably when the organism has been kept on artificial media 
A very small excess of acid or alkali inhibits the decomposition of 
formates, and addition of dextrose greatly increases the decomposi- 
tion, owing to the neutralisation of the alkali of the formate by 
the acid produced from the sugar. 

Formates may be conveniently employed as neutralising agents- 
the activity of gas-forming organisms is considerably increased. ^ 

A method is described, with sketch, by which the decomposition 
of various substances by micro-organisms, in 50 — 100 c.c. of solu- 
tion, may be followed quantitatively. N. H. J. 

Enzymes which are Concerned in the Decomposition of 
Dextrose and Mannitol by Bacillus .coli communis. EGEsroK 
Charles Grey (Ptoc. Roy, (She., 1914, Bj 87, 472 — 484).— Whilst 
artificially selected strains of B. coli communis did not lose the 
enzymes which cause the final reaction in the production of alcohol 
and acetic acid, there was an absence or diminution of the re- 
ducing mechanism of the cell, so that some intermediate substance, 
from wliicli formic acid and the precursor of alcohol and acetic 
acid are derived, cannot be readily decomposed. N. H, J, M. 

Influence of Organic Substances on Nitrification and 
Denitrification in Soils. Che. Barthel (Bitd l^enir,, 1914, 43, 
372 — 373; from Medd. Ccntralamt. Jorsoksms, Jordbr., 1913). — The 
results of experiments in which ammonium sulphate and various 
organic substances were added showed that the extent to which 
nitrification was hindered by the different substances diminished 
in the following order : peptone, asparagine, acetamide, ammoniimi 
acetate, carbamide. So that, in accordance with the previous 
results of Winogradski and Omelianski, the inhibiting action 011 
nitrification disappears more or less quickly, according to the rate 
of decomposition of the organic substance employed. 

Dextrose and other readily soluble nomaitrogenous substances 
have a distinctly retarding effect on nitrification, even when only 
amall amounts are present. 

Whilst soils rarely contain sufficient soluble organic matter to 
reta:SiiPhitrifi cation, the activity of nitrifying organisms is almost 
completely checked in manure heaps. . , N. H. J. M. 

The Forniation of Acetaldehyde in Alcoholic Fermentation. 
S. Kostttschev (Biochem. Zeiisch., 1914, 64, 237 — 260).— The author 
replies to \a criticism of Neuberg and Kerb (this vol, i, 118) of 
their w^k (A., 1912, i, 323) on the increased production of 
acet^denyde by fermentation with yeast in the presence of zinc 
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H© incidcEtally shows that alcohol can be estimated, by 
Xicloux’8 method when aldehyde is present if the mixture is dis- 
tilled in a vacuum (at 30 — 35°) over sodium hydrogen sulphite, to 
eeparate the aldehyde. S, B. S. 

The Part Played by Acetaldehyde in Alcoholic Fermentation. 
C Neubbbq and J. Kerb (Biochem, ZeiUch.^ 1914, 64, 251—256). — 
A detailed reply to Kostytschev (see preceding abstract). 

S. B. S. 

Oan the Phenomenon of Thermo-regeneration be Extended 
the Different Diast£^^ of Yeast. Gabriel Bertrand and 
jl. Rosenblatt (Gom.pL rwid., 1914, 158, 1823 — 1826). — Maltase and 
catalase obtained from slightly autolysed bottom yeast do not 
uadercfo thermoregeneration in the same way as invertase (compare 
this vol., i, 909). The activity of both of these enzymes is destroyed 
by heating their solution to 70°, and is not restored by heating 
for one minute at either 80° 90° or 100°. W. G. 

The Enzymes of Washed Zymin and Dried Yeast 
(Lebedev). III. Peroxydase, Catalase, Invertase, and Mal- 
tase. Arthur Harden and Sylvester Solomon Zilva (Biochem. 
1914 , 8, 217 — 226). — Fresh English yeast gives the peroxydase 
coloration with hydrogen peroxide and p-phenylenediamine. After 
drying at 38°, the yeast, on suspending in water, no longer gives 
a positive reaction for peroxydase, owing to the presence of an 
inliibiting agent produced during the drying process, By 
repeatedly*fcing the dried yeast, the inhibiting agent is removed 
and the aj^Brent peroxydase content restored - 

Washing does not affect the activity of the catalase of dried 
yeast. Invertase and maltase are not readily removed from dried 
yeast by washing, the power of hydrolysing sucrose being reduced 
after six washings by a third, whilst that of hydrolysing maltose 
is scarcely affected. H. W. B. 

Assimilation of Elementary Nitrogen by and 

Moulds. Alexander Kossowicz {Biockem. Zeitsch.^ 1914, 64, 
82 — 85 ). — Prom experiments on the growth of various moulds and 
yeasts in nitrogen-free media, the conclusion was drawn that these 
organisms cannot assimilate elementary nitrogen. A minute 
amount of nitrogen could be detected in the cultures when in 
contact with air from which nitrogen compounds had not been 
removed. No such increase could be found, however, when the 
air in contact with the cultures had been purified in such a way 
as to exclude the small amount of nitrogen compounds it is apt to 
cent a in, S. B. S. 

Synthesis of Nitrogenous Substances in Yeast Juice 
Obtained by Maceration, S. Kostytschev and W. Brilliant 
physiol. C hem 1914, 91, 372 — 391). — The juice always con- 
tains a considerable quantity of proteins and endotryptase. Auto- 
iysis proceeds readily at 34°, and the hydrolysable proteins are all 
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decomposed in two days, but a small, constant amount of protein 
remains unattacked even after nide days. After hydrolysis of the 
proteins, synthetic processes may occur, the necessary conditioM 
being a sufficient amount of decomposed protein and a high con- 
centration of sugar. Subsequently, the nitrogenous products 
cipitable by Stutzer’s method with copper hydroxide is found to 
be increased. The increase may amount to 16% of the quantib 
present before autolysis- Precipitation of these nitrogenous sub- 
stances with basic lead acetate gives considerably lowm* values 

B. V. s. 

Formation of Chemical Oompoanda during the Destruction 
of Yeast Organisms by Different Chemical Agents, 
drawal of the Agents flrom Solution. Th. Bokorny {Chim. 

1914, i, 1363—1364; from Ally. Brauer-u. Hopfmiit., 54 
541—544, 567—569, 583—585, 592— 594).— A chemical compound 
between the poison and the yeast cell is formed when the latter 
is killed by chemical agents. The concentration of poison in the 
solution is in most cases considerably diminished by the introduc- 
tion of living yeast. The death of the cell appears to occur before 
the union of poison and protoplasm ceases. A table is given show- 
ing the quantities of the following substances which in N-, iV/lh, 
and iV/ 100 -solution combine with 20 grams of living yeast in 
twenty-four hours, namely, ammonia, sodium hydroxide, sulphuric 
acid, formic acid, hydrofluoric acid, hydrazine hydrate, iodine, 
sulphurous acid, oxalic acid, and acetic acid. Combination is 
observed in all cases except with formic acid, whi^ appears to 
function as a -contact poison. Further, magenta, Ipdine-violek, 
methyl-green, malachite-green, tropaoline, eosin, chrysoidine, 
Victoria-blue, and dianyl-black are found to combine with yeast. 
Aniline dyes, particularly those which possess a great capacity for 
dyeing, are found to have a poisonous action even at a dilution 
of 1 in 100 , 000 , that is, at a dilution at which the most powerful 
poisons are ineffective. H. W. 

The OMdation and Reduction Froceeses Taking Place 
at the Expense of the Water Produced by Killed Yeast. 
W. Palladin and E. Lovtschirovskaja {Biochem. ^eitseh., 1914, 65, 
129 — 139*). — The experiments were carried out with the object of 
testing further the views of Palladin as to the part played by 
water in biological oxidation and reduction processes in the 
presence of a hydrogen acceptor. In confirmation of the results 
of Keuberg and of von Lebedev, it was found that the killed yeast 
can destroy potassium gluconate. The presence of methylene-blue 
largely increases the amount of carbon dioxide evolved in the re- 
action. Ihis fact leads to the assumption that yeast contains a 
reduction ferment which is able, in the presence of a hydrogen 
acceptor, to decompose organic acids, with evolution of carbon 
chloride. The same result was observed in the case of lactic acid. 
Potassium glycuronate is also decomposed by the yeast, but in this 

* aod Bull. Amd. Sci. St. Petersbcurg^ 1914, [uj, 81 i» 749* 
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gge jnethylen^Wue inhibits the reaction. Saccharic acid is also 
jg^jiiposed, but in this instance the process is not stimulated by 
tlie dy®' decomposition of the gluconic and lactic acids in the 
presence of methylene-blue is the first instance of the artificial 
Lnversion of a fermentation into a respiration process. 

S. B, S. 

The Protein Substances of Aspergillus niger, Pieebe 
Xhojias and Robert 0. Morar [Ctm-pt. rend., 1914, 159, 125—127). 
^Psing the method employed for the examination of yeast (com- 
pare A., 1913, i, 942), the authors have isolated from Aspergillus 
%er two protein substances corresponding with those obtained 
from yeast. The one is easy to isolate, being insoluble in water, 
sparingly soluble in 10% sodium chloride solution, soluble in 
aqueous sodium hydroxide, ammonia, alkali caarbonates, or lime- 
water, and from these solutions is precipitated by mineral acids. 
It contains 12‘3 — 12-9% nitrogen, 0-7% phosphorus, and 0'5— 0*6% 
sulplnir. It gives the xanthoprotein reaction, the biuret reaction, 
Hopkins' glyoxylic reaction, and reacts with Millon's, Molisch's, 
and the Ehrlich-Prdscher reagents, the latter showing the presence 
of glucosamine. With hydrochloric acid in the cold it gives a 
green coloration, which slowly passes to the ordinary Liebermann 
violet colour. On careful warming with orcinol hydrochloride it 
gives a Mrple precipitate and a green liquid, and with phloro- 
irlucinol hydrochloride an abundant, deep red precipitate. It gives 
no coloration on boiling with an alkaline solution of lead oxide. 
Paing the modified Hausmann's method of hydrolysis (compare A., 
1913, i, 1026^ for determining the division of the nitrogen, the 
substance is found to contain less diamiuo- and more monoamino- 
nitrogen than tl^ corresponding compound obtained from yeast. 
From its properties and analysis, it appears to be closely allied 
to casein, and to be derived from a nucleoprotein existing in the 
cells of the mould. 

The second compound is a coagulable albumin, but occurs in 
too small a quantity to allow of it being characterised at present. 

W. G. 

Organic Antiseptics which are Attacked by Micro- 
organisms. S. OoNDELLi (Ghem. Zentr.^ 1914, i, 1208; from Staz. 
sperim. <^rar, ital, 1913, 47, 85 — 94). — A culture solution containing 
mandelic acid was seeded with PeniciUium glaucum, but a resolu- 
tion of the acid could not be observed, although the organism 
developed readily; parallel experiments with Aspergillus niger 
showed a slight resolution. In a further series of experiments the 
mandelic acid was replaced by sodium benzoate, phenylacetic acid, 
and amygdalin respectively. After seeding with Aspergillus niger, 
a copious growth was observed after a few days in the solution 
containing the benzoate, followed in point of time by the solution 
containing amygdalin, and finally by that containing phenylacetic 
acid. Finally, it was shown that the percentages of benzoic acid, 
phenylacetic acid, mandelic acid, and amygdalin decomposed were 
a’62, 6-26, 7, and 23*53 respectively. H. W. 
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Tbe Soluble Polysacoharidei of Lower Fungi I. 
dextran, a New Polysaccharide in Penioillium Bxpacsa 
Abthue W. Dox and Ray E. Neidig (/. Biol, Chem,, 1914 ifl' 
167 — 175). — Mycodextran has been prepared by extractino 
quantities of this mould (which occurs characteristically 
ing apples) with boiling water. On cooling, the clear extract T 
posited the new polysaccharide in an impure form, and by repeal 
reprecipitation by alcohol from its aqueous solution, and 
drying in a vacuum, it was obtained as a fine powder containj ^ 
0*09% ash, and giving no colour reaction with iodine. The cj! 
powder swells in cold water, and on warming dissolves to a cl^ 
solution. If 1% of the sul^tance is present, a stiff, white 
results on cooling. It is soluble in cold sodium hydroxide and 
in hydrochloric acid, insoluble in ammonia, acetic acid, and sodiua 
carbonate. It has [aj^+SfiP, and n-j, O'OOISI. The empirical 
formula is CgHioOg, and on hydrolysis it gave only dextrose, which 
was recognised by the polarimeter, Fehling^s solution, and the 
preparation of glucosazone. 

The ordinary amylolytic enzymes were without action on myco. 
dextran. H. W. B, 

The Toxin of Bhizopus Nigricans. Ross Aiken Goama aod 
A. F. Blakesleb (Amr, J. Physiol, j 1914, 34, 353— 367).— The toxic 
substance of Rhizopus Nigricam has been obtained in ilfi impure 
state by precipitation of an aqueous extract of the mould with 
alcohol. The product gives the reactions for protein and carbo- 
hydrate. It is slowly destroyed by boiling its aqueous solution 
and more rapidly by boiling with iV/lO-hydrochloric acid. Peptic 
digestion for three hours is without effect on the toxicity, 

In intravenous injections into rabbits, the lethal dose is about 
1 : 250,000 parts of body-weight; but large doses may be given by 
the mouth without any harmful effect being observed. 

H. W. B. 

Controlling Influence of Carbon Dioxide in the Maturation, 
Dormancy, and Germination of Seeds. Franklin Kidd ( hot . 
Roy, Soe,f 1914, 87, 408 — 421, 609 — 625). — The results of experi- 

ments with various seeds showed that germination is retarded or 
inhibited by high partial pressure of carbon dioxide. Whilst some 
seeds, such as beans, cabbage, barley, and peas germinate at once 
when the carbon dioxide is removed, other seeds fail to germinate 
until they have been completely dried and re-wetted, or tbe 
germinating power may be restored by removing the testa. In this 
class of seeds it seems that the permeability of the testa is 
diminished under the influence of carbon dioxide, and this would 
result in a reduced amount of oxygen reaching the embryo, and 
in a relative rise in the carbon dioxide pressure in the embryo 
tissues. 

An experiment was made in which a layer of fresh grass 
(7*5 cm.) was covered with 45 cm. of soil, in which a week later 
seeds were buried at depths of 7*5, 16, and 22*6 cm. After seven 
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days it was found that onty three out of twenty-five of the seeds 
^•5 cui‘ deep had sprouted, and that all the seeds at the lower * 
Jepths failed to germinate. In a control experiment, without 
all the seeds germinated. Two weeks after the pit contain- 
jQcr grass was made, it was found that the air from 15 and from 
30’ cm. below the surface contained, respectively, 16-5 and 20-0% 

of carbon dioxide. 

'[he inhibitory value of given carbon dioxide pressures is in- 
creased by low temperatures and by a low supply of oxygen, and 
diminished by a rise of temperature and an increased supply of 

oxygen. 

In the case of seeds such as Hevta Brasilienmy which rapidly 
deteriorate, the carbon dioxide produced by respiration in a closed 
flask rose to 40%; seeds kept in this manner showed a marked 
increase in vitality. 

Both the arrested development of moist maturing seeds on the 
plant, and the retarded germination of moist resting seeds under 
apparently suitable conditions of temperature, moisture, and 
supply of oxygen, are connected with an inhibitory partial pressure 
of carbon dioxide in the tissues of the embryo. N. H. J. M. 

Action of Carbon Tetrachloride and Carbon Disulphide 
Vapours on the Germinating Power of Seeds. Riehm (Bied, 
Zenlr., 1914, 43, 358 ; from MiU, K. Am%, Land-u. ForstwirU.^ 
1913, 14, 25).— Whilst hemp and barley were found to be greatly 
injured, raj^ is more resistant. The effect on maize varied con- 
siderably with different varieties. Carbon disulphide acts more 
quickly than carbon tetrachloride. N. H, J. M. 

Absorption of lone by Plants. P. Plate {Aiii R. Aecad. 
Lined, 1914, [v], 23, i, 839 — 844). — The paper describes a serira of 
quantitative experiments with Triticum sativtim and Hyacinthus 
(jri<^iitalis grown in solutions containing one of the following salts : 
manganese chloride, manganese bromide, manganese nitrate, and 
manganese sulphate. Anion and cation are absorbed in the same 
proportion as that in which they exist in the solution; the anion 
chiefly reaches the shoot, whilst the cation is found especially in 
the root. y. S. 

Influence of the Continuous Electric Current on the 
Absorption of Nutritive Substances by Plants. D. Chouchak 
{CmpL rend., 1914, 158, 1907 — 1910). — In order to investigate tbe 
causes producing the variation of absorption of a nutritive sub- 
stance by roots of a plant with change in the medium i7i which 
the roots are immersed (compare A., 1913, i, 801), the author has 
examined the influence of an electric current. A number of young 
wheat plants were threaded on a fine platinum wire and plunged 
ui 0 the nutritive solution. A second wire was immersed in the 
soliitioii, and the two connected to the poles of a battery giving a 
current intensity of 0’5 to 250 millionths of an ampere. At the 
®uc of the experiment the amount of the nutritive elements 
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absorbed were determined. * Similar experimente were perfotm^j^ 
to measure tbe adsorption by tHe roots of plants, killed bv 
immersion in boiling water for ten minutes. The current, accord- 
ing to its intensity and direction, produces a variation in tbe 
velocity of absorption of cations and anions. In the case of tbe 
cations, the velocity is constant when the plants are connected to 
the positive pole, but increa^s at first very rapidly with tht 
current intensity to a certain point, after which it is almost 
constant, when the plants are connected with the negative pole. 
The inverse is true for anions. •This vanation is not due to 
electrolysis, wnce the increase in absorption is greater than can 
be accounted for by the increased number of ions liberated, due 
to the increased current. The velocity of adsorption by roots of 
dead nlants is influenced in the same sense by the electric current. 


The Study of Plant EnzymeB, particularly "with Relation 
to Oxidation. A. D. Hall, E. F. Abmstbonq, H. E. Armsteoso, 
F. Keeble, and E. 1. Russell {Rep. Brit, if «oc., 1913, 143—145).^ 
A short report of work published during 1913. C. H. D. 


The Velocity of Hydrolysis and Displacement by Water 
of the Nitrogenous and Mineral Substances Contained in 
Leaves. G, Andb6 {Cornpt. 1914, 158, 1812—1815. Com- 
pare A., 1913, i, 233, 431).— The author has determiaed ih 
amounts’ of nitrogenous matter, expressed as nitrogen, phosphoiui 
expressed as H 3 PO 4 , and potassium expressed as KgO, passing bj 
exosmosis from the leaves of chestnut trees immersed in water foi 
one two, and six months, the leaves being taken : (a) when quite 
Young - (b) at the period of flowering; (r) at the time of maturity 
of the ’fruit. The exosmosis of nitrogen is small even at the enO 
of six months, varying from 6'32% of the total nitrogen in young 
leaves down to 2*0% ih the oldest leaves. The amount of nitrogen 
passing out from the leaf after the first month is almost a constant 
percentage of the total passing out, independent of the ap of ih 
leaf The exosmosis of phosphorus is greater, correspoiiding with 
rather more than 50% of the total amount in the leaf, and does 
not appear to vary with the age of the leaf. The amount of phos- 
phorus passing out in the first monthh immersion, expressed as a 
percentage of the total passing out in six months, decreases regu- 
Liy with the age of the leaf. Potassium is the ^ement wuc 
passes out to the greatest extent, varying from 97;^85/o of the toU 
in the young leaves to 87-2% of the total in the 
in the case of phosphorus, the loss during the first month dimim^hes 
with the age of the leaf. 

Absorption of Certain Radicles by Leaves 
Stages of Decay, and the Effect of Leaves on the 
of these Radicles by a Soil. H. A. Noyes (J. Ind- Eng. - 
1914, 6, 574— 576).— Leaves, undecayed and m varying 
decay, show absorption for certain radicles, particularly ammom 
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^ggjuiu, and calcium, and phospkoric and sulphuric acids, hut 
^tr for chlorin®? bromine, itfdine, nitric acid, or magnesium. The 

dition of soil to the leaves d6es not inhibit the absorption, but 
? t]ie case of mixtures of leaves and soil the absorption does not 
on the same basis as with the constituents separately. 

W. P. S. 

Xhe Nitrogenous Constituents of Plant Galls. 1 
^ Nibb®**stbin (ZiUack physiol. Chm.., 1914, 92, 53— 55).— Galls 
from AegilopSfJ^.y were extracted with benzene or carbon 

tetrachloride, and, after distilling off the solvents, the residues 
deposited, in the course of two and a-half years, 9 grams of crystal- 
line material, which, on recrystallisation from alcohol, had in. p. 
‘>34- 238° (decomp.). The substance is probably \-galloyl4eucine, 
C H OrN, and has [oJo‘-57'35°. The structural formula is prob- 
,biy CHMe,,-CH 2 -CH(COjH)-Nn-CO-CeH 2 (OH) 3 . 

On hydrolysis, gallic acid and fi^Meucine were obtained and 
identified. H. W, B. 

[The Araliacese Family, with Special Reference to the 
Qiucosides and Oxydases of the Leaves of Folyscias nodosa, 
Foret, and Hedera Helix. L....] Jos. Halbebkann (drc/i. PAam,, 
1914 , 252, 187 — 190). — In reply to van der Haar (this vol., i, 
122), the author states that several observers have recorded the 
production of arabinose from saponins, and also that neither he 
nor van der Haar has sufficiently characterised as sesquiterpenes 
the hydrocarbons obtained by the dry distillation of sapogenins. 

C. S. 

The Enzyme of Chelidonium Seeds. II. Konbad Bournot 
{Biochm. Zeitscky 1914, 65, 140 — 157). — Further details of the pre- 
paration and properties already described (A., 1913, i, 920) of the 
chelidonium lipase are given. When free from oils, the dry powder 
loses part of its lipolytic activity by grinding. A very active 
powder can be obtained when the oil-containing seeds are allowed 
to remain with light petroleum ; this separates in a fine state, and 
can be readily separated from the coarser particles. The oil 
obtained in this process, when the petroleum is distilled off at 
20^, also has lipolytic properties, which it readily loses on warm- 
ing to 30°. The ester-forming action on mixtures of monohydroxy- 
alcoliols and fatty acids was studied, and when equivalent amounts 
of acid and alcohol were used, synthesis amount^ to as much as 
83 5%, which was not largely increased by excess of alcohol. With 
glycerol, on the other hand, the synthesis was furthered when 
excess of the alcohol was present and a little water was added; 
78% of the acid could then be esterified. A comparison was made 
of the esterification of oleic acid by various alcohols; most of the 
primary monohydroxy-alcohols form esters readily (37 to 91%) ; the 
secondary and tertiary alcohols form esters with greater difficulty 
or not at all (for example, tertiary amyl alcohol). The poly- 
hydroxy-alcohols do not ester if y so readily, the maximum lying 
between 42 and 59%. The esterification of a large number of acids 
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f ^ ' 

by aVobutyl alcohol was alao |budiedi= The author describes tl 
preparation of ^mong-olemf C 3 H 50 ( 0 H) 2 *Cj 8 ’H 330 , m. p. 26'^ a,!! 
of Mobutyl iieptoate, b, p. 209<^, O' 8593, by means of the eiizym! 

- S. B. S. 

Plant Fermenta I. The Oxydases of the Maize Cobb 
Gr. Doby {Biochem, Zeitseh.f 1914, 64, 111 — 124), — The style of the 
cobb owes its coloration to the presence of a peroxydase au4 
oxygenase; a tyrosinase is absent. ^ The peroxydase has a heat 
stable zymogen; it is not a protein, but a non-reducing 
saccharide, which is soluble in water. The preparations con. 
tained 5 or more % of ash, in which manganese could not be 
detected. The peroxydase is readily injured by higher eoncentra. 
tions of hydrogen peroxide, and its action is impeded by the 
presence of sugars and carbohydra^. The oxygenase is always 
present in the styles, but is absent in the grains and axes, which 
contain, however, a peroxydase. Furthermore, the peroxydase con. 
tinually increases in quantity in the styles, whilst no marked 
change in amount is observed in the grain and axes. The physio, 
logical significance of these facts is discussed by the author. The 
oxygenase also increases in quantity in the styles, hut not so rapidly 
in proportion as the peroxydases. S. B. S. 

Morphology and Micro chemistry of Podophyllum peltatum, 
0. TunmAnn {Fkarm. ZmlrA.t 1914, 55, 619—623). — Podophyllotojia 
occurs fairly regularly in all the parenchymatous cells of the 
rhizome, whilst the resinous portions of the podophyllin are found 
in the adjacent, excretory cells. The presence of quercetin can U 
detected, by sublimation, in as little as O'l to 0*2 gram of podo- 
phyllum (drug). The first sublimate consists of fatty drops with 
crystals of fatty acids and phytosfcerols ; this is followed by tarry 
substances, and finally by quercetin. Quercetin is not specially 
localised in the cork and bark, but seems to accompany the pod(> 
phyllotoxin. N. H. J. M. 

Dependence of the Relation of Dime and Magnesia on the 
Concentration. P. L. Gille {Forto Rico Eix^r, Stat. Bull.i 12, 
1913).— Water-culture experiments with rice in which calcium and 
magnesium were supplied in various relations to each other and to 
the other nutrients. In the presence of small amounts of all other 
foods, solutions of equal percentage amounts of calcium and mag- 
nesium chlorides seem to have the same toxic effect. In concen- 
trated solutions of calcium chloride, containing small amounts of 
the other nutrients, the growth of rice is considerably increased 
by a slight increase in the amount of magnesium chloride. 

In solutions of 172 to 109 per 100,000 of calcium and magnesium 
chlorides, with minor amounts of all other nutrients, growth waj 
distinctly better when the bases lime and magnesia were present 
in the ratio 1 ; 1 than in the ratio of 10: 1, 5:1, 1:5, or 1; 10 
In solutions of 62 to 23 per 100,000 of the combined chlorides, tin 
growth of rice seemed to be unaffected by the ratio of lime t< 
magnesia between ratios of 10 ; 1 and 1 : 10. 

The results show that rice differs from many plants m 
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relatively less sensitive to magnfedum chloride. Whilst the ratio 
jias an effect at ccaaparatively high concentrations, it does not, 
within the limits of the experiments, at low concentrations. ^ 

'The conclusion is drawn that the toxicity of an excess of lime 
or magnesia is not due simply to an unfavourable proportion between 
the two salts alon^ but to an unfavourable proportion between 
the salt which is in excess and all the otlier salts present. In 
ordinary soils the ratio of available lime and magnesia may be 
expected to be without effect. In alkali soils the ratio may be of 
tiie greatest important. N. H. J. M. 

Solubility of Soil fenstituents. Her, Fischer {Bied. Zentr^ 
1914 ^ 43, 292— 294; from Intern. Milt. BixJenh.y 1913, 3, 331).— 
Indications were obtained of a suitable method for obtaining avail- 
able potassium from sparingly soluble rocks, in which phonolite is 
fused with calcium carbonate and sodium chloride, the product 
ground, and extracted with water. 

Experiments are described in which the amounts of potassium 
dissolved by water, saturated with carbon dioxide, from biotite and 
phonolite were estimated. The solubility of biotite was found to be 
less than that of phonolite. On the other hand, Pfeiffer and Blanck 
found in experiments with oats that the potassium of phonolite is 
less available than that of biotite. N. H. J. M. 

Decomposition of Silicates by Soil Bacteria. K. Bassaltk 
{Bud. Zentr.f 1914, 43, 502; from Zeitsck. Gdrungephysiol,, 1913, 3, 
15—42). — In experiments with a number of finely powdered 
minerals it was found that nepheline, magnesia, talc, and augite 
were the most readily attacked by Bacillm extorquens, which dis- 
solved from 4 to 6% of the minerals. Butyric acid bacteria acted 
similarly, except that • they decomposed apatite more readily. 
Nitrite bacteria acted comparatively vigorously, notwithstanding 
the slight production of acid. N. H. J. M. 

Plastic and Adhesive Constituents of Clays. A. Attkb- 
BKRO {Bisd. Zentr., 1914, 43, 295 — 301 ; from Iniem. Mitt, Bodmk., 
1913, 3, 291), — From the results of experiments with a number 
of minerals, the conclusion is drawn that it is the particles which 
form scales which impart plasticity. In the case of the clays of 
northern i Europe, biotite is the predominant plastic constituent, 
whilst in the case of the red soils in southern latitudes plasticity 
b chiefly due to hematite and limonite. N. H. J. M. 

Microscopic Estimation of Soil-forming Minerals. W. J. 
McCaughet and William H. Fry (Bied. Zmtr., 1914, 43, 368—371 ; 
from U.S. Dept. Agric. Bur. Soils. BuU.i 91, 1913). — The minerals 
found most frequently and in greatest amounts are felspars, albite 
and oligoclase being fairly ^well preserved, whilst the basic members 
of the group are more readily altered, and can frequently not be 
identified except in soils of the arid regions. Hornblende and 
epidole are the predominating minerals, and most of the soils con- 
tained tourmaline, rutile, and zircon. Apatite (fluorine apatite) 
was found in half of the soils, and garnet in ten. 
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Quartz frequentiy contaiua apalate, futile, zircon, and gas ^ j 
sometimeg- liquids. ", - ’ 

Soils derived from sandstone and slate formations vary ve 
distinctly according to climatic conditions, In rainy district 
quartz predomina^ the other minerals being largely decomposed 
whilst in arid regions the reverse is found.- ’ 

The methods employed are described, and a detailed description 
of the minerals is given in the original paper, N. H. J. 


Distribution of Certain Constituents in the Separatee of 
Loam Soils. L. A. Steinkoerio (/. Ch » m.y 1914^ 6 

576 — 577), — Analyses of separates of varying coarseness, obtained 
by submitting the soils to sedimentation and centrifugal action 
showed that the percentage of silica is greater, in all cases, than 
that of any other oxide j alumina is usually second in quantity 
followed by iron. The proportion of silica diminishes from tte 
coarser to the finer particles, and zirconia shows the same varia- 
tion. Iron oxide, alumina, titanium, potash, and phosphoric acid 
increase in quantity in the finer particles. The distribution of 
soda, lime, and magnesia appears to follow no general rule. 

W. P. S. 


Effect of Heat on Hawaiian Soils. W. P. Kelley and Williak 
McGeorge {Hawaii Agrie* Hxper. Stat. Btdl.^ 30, 1913, 38 pp,).— 
Experiments on the effects of heating at 100° and 250° and of 
ignition, on twelve different soils. Whilst the results varied a 
good deal, it was found that, on the whole, heating at 100° in- 
creases the amounts of manganese, calcium, magnesium, phosphoric 
acid, sulphates and hydrogen carbonates, and, in most cases, iron, 
soluble in water; in about half the soils the solubility of the 
potassium, aluminium, and silica was also increased. 

The results obtained at the higher temperatures (250° and 
ignition) were similar, the increase in solubility being sometimes 
greater and sometimes less than that obtained at 100°. 

The solubility in #/5-nitric acid was nob altered much by 
heating at 100°. Heating at 250° sometimes considerably in- 
creased the solubility of aluminium, manganese, potassium, and 
phosphoric acid, and diminished the solubility of the calcium and 
magnesium. 

The changes involved in heating soils are very complex and 
include, among others, flocculation, deoxidation of manganese 
dioxide, oxidation, particularly of iron, double decomposition, 
dehydration, and physical alterations of soil films. 

The nitrates present in soils are practically all destroyed at 
200 — 250°; whilst a decrease occurred at 100°. 

Heating at 200° resulted in a loss of about 25% of the total 
nitrogen and in the production of abnormally large amounts of 
ammonia. The burning of brush in the field was found to cause 
a stimulation of ammonifi cation, whilst nitrification was not 
restored in two months. N. H. J. 
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Refractiv© Index at the Critical Point. Mauejcb Prud^hoitme 
(/. Chim, Phys.j 1914, 12, 282 — 288). — The refractive index at the 
critical point (?^c) has been calculated from the equation 
in which E is the refractivity and the 
critical density. Fol^phatic esters, alcohols, hydrocarbons, etc., 
the value of obt^Hj^in this way is practically constant =1 '117. 
Benzene and its oOTvatives give a somewhat higher value, 
/( ;=1’160. For these two groups of substances, the value of 
which represents the fraction of the total volume 
ag^lly occupied by the molecules at the critical point, is found to 
li^equal to 0’077 and 0T03 respectively. These values are approxi- 
mately one-third of the corresponding theoretical volume ratios. 

In homologous series of aliphatic compounds and in the series 
of mono-halogen derivatives of benzene, the ratio of the density at 
the ordinary temperature to the critical density increases with in- 
creasing molecular weight. The value of shows a 

similar variation. H. M. D, 

The Dispersion of Ultra-violet Rays by Organic Substances. 
Victor Henri {0<ym,pt. rtnd.t 1914, 158, 1892 — 1894), — The author 
lias measured the refractive indices of methyl, ethyl, propyl, butyl, 
amyl and heptyl alcohols, of glycol and of pentane, hexane, heptane 
and cyclohexane for rays of wave-length \=4200 — 2150, and from 
his results has calculated the molecular refractive powers for 'CHg', 
and H* and ’O' of the hydroxyl group. Up to A. = 2600 the refrac- 
tive power of ‘CHg* is perfectly additive, as in the visible spectrum, 
whilst for rays of shorter wave-lengths the additivity is only a first 
approximation. For the substances examined, the variation of the 
refractive indices can be accurately represented by the formula (I) 
— and the molecular refractive power by the 
formula (II) = The values 

calculated from formula (I) and found for methyl, ethyl and propyl 
alcohols agree closely. 

The values of the constants a, J3 and Ay for formula (II), which 
hold good from A = 6563 to 2150, are : 


a. jB. Ao. 

Hethyl alcohol 8'0195 5'1132 1063 

Ethyl „ 12707 7*1734 1239 

Projyl „ 17-112 10-148 1114 

Amyl „ 26*083 6-792 1502 

Pentane 24-727 11-62 1205 

Hexane 29*223 25 ‘45 965 

w. a 


The Application of Spectrum Analysis to the Study of 
Chemical Equilibria. Gustav F. Hutiig {Zeiisek. physikaL Ckem., 
1914, 88, 172 — 190). — The first part of the paper deals theoretic- 
VoL. cvi. ii. 41 



ii. 698 ABSTRACTS OF CHEMICAL PAPERS. 

ally with the relationships which ^dst hetwera the changes of th 
absorption spectrum of a system in equilibriiun and the chaa? * 
in the equilibrium constant of the system. Mathematical relatio^ 
ships are derived for the connexion between the variable components 
of the absorption spectrum of the system and the number of na 
ticipating molecules in the reaction, the reaction ^uation, and the 
reaction constants. Four types of problenfs which can be dealt 
with by this method- are indicated. (1) Those in which the reaction 
constant is known and in which the number of molecules and the 
reaction equation can be calculated. of this kind, the 

optical method serves only as a confirmaffljHpne, (2) Thok in 
which the reaction equation is known and th§*Sumber of molecules 
can be calculated. In this case the reaction constant can be 
deduced by the optical method. (3) Those in which the number of 
reacting molecules is known; here the reaction equation and 
constant can be determined by the optical method ; and (4) thU 
cases in which nothing is known or calculable; here all three 
quantities, the reaction constant and equation and the number of 
molecules reacting, can be determined by the optical method. 

The method is applied to the determination of the second and 
third dissociation constants of purpurin. The measurements consist 
in photographing the absorption spectrum of solutions of purpurin 
in pyridine, ammonia solution, normal sodium hydroxide solution 
and in an excess of very concentrated sodium hydroxide solution. 
From the measurements the dissociation constants are calculated to 
2 X X 10-10 and 1 x 10-i5<*///<5 x 10-^. The first 

and second dissociation constants of alizarin are also determined, 
and the values ^^ = 4*8x10-® and = 1*15 x10-1® obtained. By 
another method (this vol, i, 701) the author has found these values 
to be =5*0x10-3 and ^^^ = 1*10 x 10”i® From the results 
obtained by Niggemann (Diss., Leipzig, 1913), the absorption 
spectra of nitric acid in various states of dilution the author shows 
that the equilibrium HNOg -{- H^O ^ HNOgjHgO or 2 HNO 3 + 
2 H 2 O ^ (HN 03 ,H 20)2 exists in these solutions. J. P. S. 

Direct Spectrum Analysis by means of the Secondary Rays 
of Rontgen Rays. Maurice de Bboglie (Oompt, rend., 1914, 158, 
1785 — 1788). — A study of the secondary spectra emitted hy sub 
stances struck hy primary Rontgen rays places the elements in 
the same position in the periodic classification as is obtained by 
calculation from Moseley's formula. Elements with an atx)Tnic 
weight of less than 28 have not shown any secondary radiation, 
.whilst with elements of atomic weight between 30 and 60 special 
precautions are necessary to make the radiations apparent, 

W. G. 

' Oxygen in the Sun. K. W. Meissner Zeitsck, ISll, 

15 , 668— 670).— The three red lines \ 7772, 7774, and 7T75, 
which are emitted by the iron arc only at the anode, have been 
attributed by Runge and Paschen to oxygen (compare iUd., 1913, 
14 , 1267). According to the author's observations, the oxygen 
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doublet A 8446 is also observable in the anode spectrum of the 
Both the triplet and the doublet are shown by the solar 
spectrum, and an accurate comparison of the wave-lengths has 
made for the iron arc and the solar spectra. 

The fundamental triplet of the principal and second subordinate 
series of sulphur has also been found in the anode spectrum in 
the arc discharge between an iron pyrites anode and an iron 
cathode. The wave-lengths of the^ three lines were found to be 
a 9212'80, 9228*17, and 9237*71 in terms of the international 

normals, H. M. D. 

High-frequency Spectra and the Periodic Table. W. M. 
Hicks {Phil. Mag.y 1914, [vi], 28, 1.39 — 142). — A discussion of the 
grouping of the elements suggested by Rydberg (compare succeed- 
ing abstract) in reference to the high-frequency spectra. Certain 
modifications of the table given by Rydberg are proposed in 
accordance with spectroscopic evidence. H. M. D. 

The Ordinals of the Elements and the High-frequency 
Spectra. J. R. Ryobkrg {Phil Mag,, 1914, [vi], 28, 144—149).— 
In a previous paper {Lunds. Univ. Arsskriftj 1913, 9, No. 18) the 
author has suggested tbat the elements fall naturally into quad- 
ratic groups consisting of elements (p being the number of the 
oToup). The two short series correspond with p=2, and give a 
group of sixteen elements, extending from helium to chlorine. 
The two recognised long series correspond with p = 3, and give a 
group of thirty-six elements, extending from argon to iodine. 
The next group, corresponding with p— 4, is supposed to contain 
sixty-four elements, and commences with xenon. In this system 
the elements are characterised by a succession of integral numbers 
(ordinals) which determine the properties of the various elements. 

Tile fact that Moseley (this vol., ii, 326) has shown the existence 
of a relation between the “atomic numbers” and the frequencies 
of the X-ray spectra of the different elements, and that the 
"atomic numbers” are practically identical with the “ordinals,” 
is supposed to afford strong support for the arrangement of the 
elements into quadratic groups. H. M. D. 

Luminous Vapours Distilled from the Arc, with Applica- 
tions to the Study of Spectrum Series and their Origin. I. 
(Hon.) K. J. Strdtt (Ptoc. Roy, Soc., 1914, X, 90, 364— 372) —In a 
previous paper (A., 1913, ii, 279) it was shown that mercury 
vapour, allowed to distil from the arc, in a vacuum, into a cooled 
lateral tube, remains luminous for a considerable distance away 
from the r^ion of discharge. Methods have now been devised 
which permit of the observation of luminous jets of the vapours 
or other metals. 

As the luminous vapour moves away from the region of the 
arc discharge, the rate at which the different lines in the spectrum 
| out is not always the same. In general, the lines belonging 
0 diiy given series die out at the same rate, but other series of 

41—2 
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lines may be extinguished more or less rapidly than the first. Jjj 
the case of sodium, the lines of the two subordinate series die awav 
at the same rate, but the principal series is extinguished 
rapidly. Differences in the duration of the spectral constituents 
have also been observed with potassium, magnesium, and zinc. 

In some cases the luminous jet shows a band spectrum, 
the alkali metals, this continuous spectrum lies beyond the limit 
of the subordinate series. H. M. ]). 

Emission Spectra of the Common Gases. F. Croze 
Fhysiquey 11)14, [ix], 1, 35 — 134. Compare A., 1912, ii, 613; 1913 
ii, 85; 1914, ii, 2). — A. detailed account is given of wave-length 
measurements and of observations on the Zeeman effect in the 
emission spectra of hydrogen, oxygen, and nitrogen. The 
apparatus employed was designed so as to facilitate the investiga- 
tion of the ultra-violet region, and photographic records have been 
obtained which afford information in regard to the emission spectra 
up to about A 8000. 

A number of new lines and bands have been discovered. These 
include ninety-eight lines in the second hydrogen spectrum 
between \ 6852 and \ 8029, thirty-one lines in the elementary spec- 
trum of oxygen between A 5316 and A 7152, sixteen bands in the 
first nitrogen group, the least refrangible having the wave-length 
A 9108, and two bands in the cathodic spectrum of oxygen at 
A 6853 and A 5007. 

The negative bands of oxygen and the most intense bands in 
the first nitrogen group have been resolved into lines, for which 
wave-length measurements are recorded. The arrangement ai 
these lines in series is also discussed. 

The mode of distribution of the lines in the second hydrogen 
spectrum, which do not show the Zeeman effect, has been investi- 
gated, with the result that the vibration frequencies are found to 
correspond with eight arithmetic series. 

The Zeeman effect has been measured in the first hydrogen 
spectrum, for the most intense lines in the second spectrum, the 
whole of the lines in the elementary spectrum of oxygen and all 
the lines in the first nitrogen spectrum. The bands of the second 
positive and the negative nitrogen groups, of the ‘^Swan” and 
the carbon monoxide spectra and of the cyanogen group A 3883, do 
not exhibit the Zeeman effect. This effect is, however, shown by 
the resolved bands of the first positive nitrogen group, althougli 
the unresolved bands have been previously stated to be unacted 
on by a magnetic field. H. M. D. 

The Spectra given by Carbon and some of its Compounds; 
and, in particular, the ‘‘Swan’^ Speotrnm. W. Marshall 
, Waits {Phil. Mag., 1914, [vi], 28, 117— 128).— The views put 
forward by different observers in explanation of the "Swan 
spectrum are summarised, and an account is given of experiments 
in which the author has observed this spectrum under conditions 
which seem to preclude the presence of oxygen. 
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'Tlie exp&rinttonts were mad© with a spark-discharge apparatus 
consisting of a rectangular block of transparent fluorspar in which 
a cylindrical cavity was bored. The lower end of this cavity was 
cloid by a copper electrode ground into the spar. A platinum 
served as the upper electrode, and the discharge vessel was 
contained in a large glass tube which could be exhausted. Various 
oxygen-free carbon compounds were distilled over phosphoric oxide 
into the fluorspar v^l whilst the glass tube was kept exhausted, 
and the spectrum emitted by the spark discharge within the liquid 
was observed. Carefully purified materials were employed in all 
cases. Heptane, hexane, octane, carbon tetrachloride, and chloro- 
benzene all gave a brilliant “ Swan " spectrum. On account of the 
rapid separation of carbon, only a few seconds were available for 
observation, and the spectrum could not be photographed. 

The numerical relations between the wave-lengths of the lines 
of the spectrum are discussed, and it is shown that the experi- 
mental data may be more accurately represented by the formula 
y = 2407-015 -19*6(p + 0-00309)2 4-n'6422(?K-f 0-834291)2 
p=45, 44, 43, and m=:63, 64, 65, 66, 67, 68, 69, than by 
Ueslandres' formulas. 

Special reference is made to the three lines \ 4381-93, 4371-31, 
and 4365*01, which were attributed by Deslandres to hydrocarbons, 
whereas in the author's opinion there can be little doubt that these 
three lines form a part of the " Swan ” spectrum. H. M. D. 

Influence of Solvents on the Optical Activity of Methyl 
Hydrogen, ortho- and a77o-Oamphorates, and Normal Oamphor- 
ate. J. MiNGUiNand R. Blog {Compt. rend., 1914, 158, 1997—1099), 
—An extension of the work previously described (compare this 
voL, ii, 403), a large number of different organic solvents having 
been used. All solvents containing a benzene nucleus considerably 
increase the optical activity of the ortho-ester, but have a much 
less marked effect on the aZZo-ester. The lists obtained by arrang- 
ing the solvents in the order of increasing optical activity of tlie 
ortho- and o^/o-esters, respectively, are quite different. Solvents 
of the same series with the same functional group have the sajne 
influence on the optical activity of either the ortho- or the allo- 
ester, the influence exerted being apparently related to the 
chemical nature of the ^Ivent. The values obtained for the 
normal ester are intermediate between those for the ortlio- and 
n/^o-esters, and in some cases are very close to their arithmetric 
mean. q 

Thermodynamic Consideration of Photochemical Equilibria. 
A. SCHIDI.0P (Arch. Set. phys. nat., 1914, [iv], 37, 493— 511).— A 

leoretical paper in which the author applies thermodynamic 
reasoning and Planck's theory of al:^rptioii of radiant energy to 
of photochemical equilibria. This leads to the view 

at there are three groups of photochemical reactions. In those 
w ich belong to the first group, radiant energy is liberated, and 
'11 mcrease in the frequency of the incident radiation is unfavour* 
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abl© to the photochemical change. Those belonging to the secoQfi 
group are endo-energetic, and an increase in the frequency favours 
the photochemical reaction. In the case of reactions which beloug 
to the third group, the equilibrium is independent of the frequencv 
of the radiation. The action of the light _ consists simply in 
creasing the velocity of the opposing reactions, after the manner 
of a catalyst. H. M. I). 

Photochemicsal Decomposition of Hydrogen Peroxide, jj. 
J. Howabd Mathews and Harry A. Curtis (/. Physical Ckm,^ 1914 
18, 521 — 537. Compare this vol., ii, 265). — Several substances 
have been added to solutions of hydrogen peroxide, the mixtures 
submitted to ultra-violet light, and the effect of these substances 
on the rate of decomposition investigated. The method of in- 
vestigation is the same as that previously adopted i}oc. dt.). U 
is shown that 'acetamide (O’ 03 7%), carbamide (O’ 05%), boric acid 
(0*044%), and barium chloride (O’ 037%) have no action on the rate 
of decomposition; acetic acid, tartaric acid (0‘096%), phosphoric 
acid (0*152%), sulphuric acid (0*0086%) (0'086%) (0*171%), 
potassium nitrate (0*031%), potassium chloride (0*023%), and 
sodium chloride (0’011%) (0*05%) exercise a slight retarding action 
on the rate of decomposition; benzoic acid, calcium hydroxide 
(0*002%), 'sodium hydroxide (0*053%), and barium^ hydroxide 
(0*007%) exercise a ^rong retarding action, and barium nitrate 
(0*037%) increases the rate of decomposition. The same catalysts 
do not effect the thermal decomposition and the photolytic decom- 
position of hydrogen peroxide in the same way. There is no 
general relationship between the chemical nature of a compound 
and its catalytic effect on the photolysis of hydrogen peroxide. 
The magnitude of the catalytic effect and the concentration of the 
catalyst vary in the same direction, but there is no direct pro- 
portionality between the two. Neither the change in the light 
absorption nor the change in the surface tension of a hydrogen 
peroxide solution, brought about by the addition of a small amount 
of a catalyst, seems adequate to explain the marked catalytic effect 
produced. J- S. 

The Different Methods of Photolysis of Oxalic Acid by 
Ultra-violet Rays of Different Wave-lengths. Daniel Bebthelot 
{Ctmpt rend,, 1914, 158, 1791—1793. Compare A., 1911, ii, 170; 
1913, ii, 819).— The photolysis of oxalic acid consists in a prirnary 
decomposition into carbon dioxide and formic acid, followed by a 
secondary decomposition of the formic acid in the nascent state, 
the products of the secondary reaction being carbon monoxide and 
water for rays of long wave-length and carbon dioxide and water 
for waves of short wave-length. W. G- 

Chemical Action of Light. XXX. Giacomo Ciamician and 
P. SiLBKE(5«f., 1914, 47, 1806-1814; Atti R. Accad. Lined, 

[v], 23, i, 859 — 867). — Many of the photochemical reactions previously 
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described are confirmed, and the results recently communicated 
{•y paterno and others (this vol., ii, 234) are criticised. 

Benzaldehyde and benzophenone give the compound C 27 H 32 O 3 , 
p, 245^ (A., 1911, i, 647), and not a trimeric benzaldehyde 

/paterno). 

'■ Whereas acetone and ethyl alcohol yield, among other sub- 
stances, j3-methylbutylene /By-glycol (A., 1911, i, 513), acetophenone 
jg only changed into the isomeric pinacones (compare A., 1901, i, 
330 ). No combination takes place between benzophenone or aceto- 
phenone and wopropyl alcohol, the pinacones and acetone being 
the products. Phenyl ethyl ketone does nob react with alcohol 
like methyl ethyl ketone (A,, 1912, i, 537); the transformation of 
the ketone is not complete after some months, and the products 
can only be separated with difficulty into the isomeric phenyl- 
fthylpi^uicones, Ci 8 H^ 02 , leaflets, m. p. 138 — 139°, and large, 
well-developed crystals, m. p. 113°, respectively. 

It was previously found that benzophenone and benzyl alcohol 
gave hydrobenzoin, benzopinacone, and also triphenylethylene 
glycol (A., 1903, i, 562). Paterno exposed a mixture of aceto- 
phenone and benzyl alcohol to light, but the only product which 
he described was ajS-diphenylpropanediol. The authors had also 
left such a mixture for some months, and now describe the ex- 
amination of -the product. After removing the unchanged reagents 
by steam, the residue was extracted with a mixture of much light 
petroleum with a little benzene. The extract deposited aceto- 
pheiionepinacone, and the syrup which, remained on evaporation 
of the mother liquor was benzoylated. The product was crystal- 
lised from much alcohol, which deposited dibenzoylhydrobenzoin, 
leaving the monohenzoate of a^-diphenylpropanediol, 
OH-CMePh*CHPh-OBz, 

ia solution. The latter was isolated in white nSedles, m. p. 
147 — 148°, but the monohenzoate obtained directly from Tiffeneau 
and Dorlencourt’s ajB-diphenylpropanediol {Ann. Ghim. Phys.^ 
1909, [yiii], 16, 252) had m. p. 139 — 140°, and may therefore be 
an isomeride. 

Paterno also illuminated a mixture of acetaldehyde and alcohol, 
and believed that he had obtained thereby butane-jSy-diol. The 
authors had already found this glycol in the case of alcohol and 
acetone, and had expressed the opinion that its formation was 
due to a reaction between alcohol and acetaldehyde, the latter 
being formed during the experiment (A., 1911, i, 514). 

The products obtained when methyl ethyl ketone and dilute 
hydrocyanic acid are exposed to sunlight are quite anal/^ous to 
the products obtained from acetone (A., 1905, i, 414). In this 
case, however, the reaction also proceeds in the dark. Ammonium 
oxalate and oxamide were isolated, but the chief product was 

^-'^ethyl-^-ethylhydantoinj which formed large, 

CU JN JlL 

colourless prisms, m. p. 146°, and was hydrolysed by hydrochloric 
acid in a sealed tube to a-amino-a-methylbutyric acid (Slimmer, 
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A., 1902, i, 206). The amino-acid itself was not foimd among the 

products. In addition, a-h^droxy-ormethylhutyramidt^ 

m. p. 160^ was isolated and hydrolysed "by baryta to the acid. ’ 

J. C. ^V. 

Oxidations with Bromine under the Influence of Light. 
R. CIUSA and A. PtKRQALLrNi (Aui R. Acead. Linen, 19U, [v], 23 
i, 821 — 825). — When a mixture of lactic acid and bromine water 
is exposed to light for a daj^, pyruvic acid is formed. Tartaric 
acid in similar circumstances yields formylglyoxylic acid. Mandelic 
acid yields benzoic acid, benzaldehyde, and phenylglyoxylic acid. 
In the dark the same products are obtained, but benzoic acid is 
produced only in small quantity. Glycerol is oxidised to glycerose 
by bromine water when exposed to light. Mannitol in similar 
circumstances yields mannose. Citric acid jdelds pentabromo. 
acetone. In all cases, except that of^ mandelic add mentioned 
above, control experiments carried out in the dark gave either no 
oxidation products at all or only traces of them. U. V. S. 

The Traneformation of Radiant Energy into Chemical 
Energy. S. C. Lind {Le Radium, 1914, 11, 108—111). — The author 
has shown by the study of eight reactions in gases and three in 
liquids that the number N of pairs of ions produced under the 
influence of a-rays is approximately equal to the number M of 
molecules entering into the reactions brought about by the rays. 
In the electric discharge in gases the chemical action is frequently 
a thousand times greater than would be the case if this applica- 
tion of Faraday's law were followed, which is to be explain^ on 
the view that the great proportion of ions produced by collision 
recombine and produce their chemical effect before reaching the 
electrodes, fl'he hypothesis of Warburg on the calculation of the 
quantity of ozone produced by the a- and j3-rays of radium is 
discussed, and shown to lead to a value too low on this account 
From the ratio NfM found previously for several endothermic 
gaseous reactions, the proportion of the radiant energy converted 
into chemical energy is calculated to be of the same order — about 
2% — as has been found in other chemical reactions effected by 
radiant energy. In exothermic reactions the proportion is of the 
same order, but reaches 10% in the case of the decomposition of 
water. The velocity of the reactions obeys the uni-molecular law, 
not because they are uni-molecular, hut because the absorption 
of radiant energy is proportional to the concentration in the 
gaseous system. It is suggested that the ions play the part of 
intermediaries in the chemical reactions. F. S. 

The Ultimate Rays of Elements in Different Luminous 
Sources. Arnaud de Geamont {CompL rend., 1914, 159, S-IS).-- 
A critical resume of the author's work and that of other observers 
on this subject (compare A,, 1907, ii, 517; 1908, ii, 645; 1910, ri 
85, 811 ; 1912, ii, 875 ; Hartley and Moss, A., 1912, ii, 821; Funge 
and Precht, A., 1903, ii, 346, 621 ; 1904, ii, 461), in which the 
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autlior deduces th© following rules: (1) If, in sources of different 
temperatures the rays of an element do not maintain the same 

utility, the ultimate rays will, in every case, consist of a very 
ynall number of lines of great sensibility in the condensed spark. 
M The rays of maximum sensibility will be less refrangible as the 
temperature of the luminous source is lower. W, G-. 

>010 CoefiQcient of Diffusion of J-Rays by Substances with 
Slight Atomic Weights (Organic Substances in particular). 
H. Guilleminot (C<mpt, nnd,, 1914, 169, 56— 59).— The author 
has deduced a formula for calculating the secondary radiation 
emitted by the emergent face of a paraffin filter, knowing the 
intensity of the initial ray and the thickness of the filter, and has 
tested its validity in the case of the paraffin filter and also for 
aj^inium. W. G. 

The Passage of a-Particles through Photographic Films. 
H. P. Walmslev and W. Makower {Proc, Physical Soc., London, 
1914, 26, 261 — 263). — A flat metal plate was exposed to a frac- 
tion of a millicurie of radium emanation for a few seconds, and 
laid on an Ilford process plate. The darkening of the plate, due 
to the a-rays of radium-4, was just visible to the naked eye after 
development, and was examined under the microscope and micro- 
photographs taken. These showed the tracks of the single 
a-particles through the film, with many of the characteristics 
demonstrated by C. T. R. Wilson's cloud photographs. The 
method is exceedingly simple, and lends itself to the study of the 
scattering of a-particles by heavy atoms such as silver. Plates are 
reproduced, at a magnification up to 1800 diameters, showing the 
single darkened haloid grains in the track of the a-ray. P. S. 

Fitful Point DiechargGS and the Electric Method or 
Counting a-P articles. H. Geiger (Ann. Physik, 1914, [iv], 44, 
813—815. Compare this vol., ii, 236). — ^Polemical. The results 
obtained by Myssovski and Nesturch are in part to be explained 
by secondary jS-rays generated from the walls of the chamber under 
the action of the y-rays. That the discharges in question are 
caused by individual a-particles, and not by natural disturbances, 
is proved by sending the a-particles through two counting chambers 
placed one behind the other, when, almost without exception, the 
discharges take place simultaneously in the two chambers. The 
criticism shows that the right experimental conditions for counting 
the o-particles were not realised. F. S. 

Absorption and Reflexion of jS-Particlea Measured by 
Direct Counting. Alois F. Kovarik and Louis W. McKeehan 
{Pliynkil. ZeitscL, 1914, 15, 434 — 440). — Using Geiger’s method for 
the direct counting of /3-particles, by the fitful discharges from a 
sharp point kept at high potential, the number of /3-particIes 
lenected and transmitted through various substances was deter- 
»uned. The number transmitted of the ^particles of radium-/;' 
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and the active deposit of thorium,' respectively, did not follow 
exponential law with increaang thickness of matter, although the 
ionisation follows this law in these cases. The fraction of th^ 
whole number transmitted in each similar, layer usually becomes 
less instead of remaining constant. The reflected and transmitted 
rays are more strongly absorbed than the initial rays. The 
number reflected by different elements of increasing atomic weight 
increases in the same way as the ionisation due to the refiected 
rays, which shows that the loss of velocity of the rays by reflexion 
is nearly independent of the nature of the reflecting material 
Very thin foils increase the number of d-particles, and in certeia 
circumstances the direction of the new ^-particles generated h 
nearly normal to that of the thin foil. P. S. 

Disintegration of Radium Emanation in a Helium Atmo 
sphere. W. Maeckwald {Physikal ZiiiscK, 1914, 15, 440— 441).^ 
No difference in the normal rate of disintegration of the radium 
emanation was observed when the emanation was allowed to decay 
in an atmosphere of helium, such as might have been expected to 
occur were the reaction at all reversible. P. S, 

The Electrochemical Properties of Badium-.5 and Thorium it. 
Z Klemensiswicz {GompL rend., 1914, 158, 1889 1891).— In an 
endeavour to find some method of distinguishing between tlie 
isotopic elements lead, radium-5, and thorium-5, the author has 
proceeded as follows. An amalgam of lead (1 gram of lead in 

5 10 c,c. of mercury) was shaken for several minutes with 5 c.c. 

of iV/ 10-lead nitrate solution, acidified with A/50-nitric acid, 
which had been in contact with 01 curie of radium emanation for 
several hours, and then boiled. After the shaking, the amalgam 
was removed and washed with a solution of A/lO-mercuroua mtrate 
and i\^-nitric acid. This and the original solution were then 
evaporated to dryness with hydrochloric acid and heated at W 
for fifteen minutes, leaving two fractions of lead chloride crystals. 
In order to remove any radium-(7, the two fractions were dissolved 
in warm A/lOO-nitric acid, and a plate of nickel plunged into eadi 
solution. The solutions were then evaporated to dryness again 
with hydrochloric acid, and the crystals powdered and spread on 
two equal brass disks. The total radiation was then measured ty 
means of a quartz piezo-electrometer. Similar measurements were 
made with thorium-5. In neither case was there any difference in 
activity between the two fractions of crystals, thus , proving that 
the electrolytic potentials of radium-5 and thorium-5 are cqua 
to those of lead, the differences observed being much le^ tton 
those which are obtained with specimens of the same metal wmcii 
have undergone different mechanical treatment. 


Volatility of Thorium Active Deposit. T BAmir 
A. B. Wood (Proc. Physical Soe., London, 1914, 26, 248 26 
The thorium active deposit, on platinum or quartz plat^, 
heated in an electric furnace, usually for fifteen minutes, 
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accurately known temperatures, and the percentage of thorium-^ 
and of thorinm-C' respectivelx volatilised was determined by ex- 
amination of the decay curves prior to and after heating. The 
g ray measurements showed that lx)th the B- and (/-members begin 
volatilise at 750° and volatilisation is complete at 1200° but 
at intermediate temperatures a ^eater proportion of the 5- than 
of the (/-member is volatUised. There is an inflexion on the curve 
showing the proportion of the (/-member volatilised, at a point 
wlmre about 35% of the o-ray activity has been removed and at 
about 900°. The 3-ray. curves, on the other hand, showed that 
the (/-member dofes not begin to volatilise until 900°. With films 
deposited from solutions of the active deposit in strong acids 
volatilisation occurred at the same temperatures as stated for the 
nitric acid solution, but fca: a hydrochloric acid solution volatilisa- 
tion commences at 300°. Thorium-Z) was found to begin volatil- 
ising at 500° in the case of a film not dissolved in add. 

In order to explain the results^ a new member of the disintegra- 
tion series is assumed to exist, according to the following scheme : 


Sb/. 




A-^B 


in which branching occurs at the member which has a lialf- 
periody of 60 ’3 minutes, and gives 3-rays. In the minor branch 
the product is supposed to be a new member, (/«, of period one 
minute or less, giving the o-rays of range 5*0 cm. is volatile 
at 900°, and (/„ at 750°. The product C 2 of the above scheme 
(|often called is that which gives the a-rays of 8’6 cm. range, 
and is usually supposed to have a period of lO'H second. -This 
scheme agrees with the facts better than any other that can be 
devised. The range of the a-rays of (/^ corresponds, by the Geiger- 
Nuttall relation, with a period of one minute or less. F, S. 

The Magnetic Spectrum of the 3-Rays of Uranium--^, 
i and L. Meitnee {Physihd. Z^itsck, 1914, 

lb, 649--650).— The magnetic spectrum of the more penetrating 
p-rays of uranium-X consists of a broad, indistinct band which 
intensity - maxima at velocities corresponding 
with ()-96 and 0*82 of the velocity of light. The less penetrating 
rays give ri^ to a shallow band at the velocity ratio 0*59, and to 
two sharp lines at 0*52 (weak) and 0*48 (strong). An attempt to 
resove the spectrum of .the high-speed rays into lines gave a 
iieptive result with the comparatively weak preparations of 
^ which w-ere available for the experiments. Since the 
AT. i® very weak in comparison with the 

continuous character of the magnetic spectrum 
in« t ^ a^ment with Rutherford^s theory, accord- 

1 emission of y-rays is connected with the discon- 
r nuous character of the 3-ray spectrum. H. M. D. 
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The Origin of Actinium. C. Gohrtng (Phynihal, ZtiUch, iQu 
16 , 642 — 645). — A strong ionium preparation, four years old 
examined for the presence of an eka tantalum,” acting as If 
parent of actinium, according to the scheme: 

lo Ac 

(IV.) (V.) (III.) 

by precipitating tantalic acid in the solution. The product » 
very active, but by repeated solution of the tantalic acid by fujjf 
with potassium hydroxide, and reprecipitation by acid, the activf 
was removed. It was probably due to ionium. A search for tf 
parent of actinium in pitchblende was made by precipitatin! 
tantalic acid in the solution and purifying as above. The 
duct was again practically inactive. Lastly, the uraniu^.y 
separated from 1500 grams of uranyl nitrate was examined for a 
residual activity, and none was found. It is possible that tlij 
method of purification of the tantalic acid adopted may have 
separated the substance sought. p. g 

The Diatribution of the Radio-elements in Hocks. I 
Monazite Sand. M. Baltdch and G. Weissenbeboer {ZeitsckaMni 
Chem., 1914, 88, 88 — 102). — The separation ^f the minerals in 
monazite sand may be effected magnetically, magnetite bein^ first 
removed, then ilmenite, by using an electromagnet, and then 
monazite, by using a strong field. Zircon is then separated from 
quartz and felspar in a centrifugal apparatus. The quartz and 
felspar can only be imperfectly separate by using heavy liquids, 

Brazilian monazite sand is thus found to contain 75% monazite, 
12'4% ilmenite, 8*8% zircon, about 3% quartz, and the remainder 
magnetite and felspar. 

The other minerals are freed from any adhering traces of 
monazite by treatment with hot concentrated sulphuric acid. 
Zircon is found to be coloured violet, as if by the action of radium, 
and this coloration is not removed by the acid treatment. Tlic 
quartz is not coloured. 

The quantities of radium and thorium have been determined by 
electrometric measurements, with the exception of the thorium in 
monazite, which is estimated analytically. The following vaincs 
for the ratio Th:Ra are found: monazite, 3*10x10®; zircon, 
1*51x10®; magnetite, 1*49x10®; ilmenite, 1*10x10^; felspar, 
1*94x10®; quartz, 2*13x10®, the total quantity in the last ko 
minerals being very small. Uranium is present in monazite in 
sufficient quantity to be recognised chemically. Two analyses give 
0*062 and 0*065% U, the ratio Ra : IT being thus 3*22 x 10“^ The 
mesothorium preparations from the sand contain 0*25% nles^ 
thorium, 25*00% radium, and 74*75% barium, and it is not possible 
to alter the ratio in any considerable degree by separating the 
component minerals. C, H. 0 

Radioactivity of the Rocks of the Kolar Goldfields 
Herbert Edmeston Watson and Gostabehari Pal {Phil Mag., 

[vi], 28 , 44 — 51). — A modification of Joly’s fusion method oi 
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estimating radium in rocks by means of the emanation liberated 
• jjescribed, in which 10 grams of the powdered rock are heated 
with 2 grams of sodium carbonate and 50 grams of unfused stick 
tassium hydroxide in a copper flask, previously exhausted by a 
Fleuss pump. The rocks of the Kolar gold-fields in Mysore, 80 kilo- 
metres east of Bangalore, and extending to a depth of 1*2 kilo- 
metres, were found to contain only very minute quantities of 
radium- A source of error was found in the hydrogen liberated in 
tlie reaction, which causes the leak produced by a given quantity of 
radium emanation to be considerably reduc^. It was necessary 
to pass the gas through heated copper oxide before introducing it 
iuto the electroscope. The mean amount of radium in the gold- 
bearing schists was 0'19 x gram per gram of rock, and was 
approximately the same throughout the whole of the workings, 
independently of the depth. The temperature gradient in the 
Kolar mines is quite abnormally small, just as the radium content 
of the rock is extraordinarily low. Other specimens of different 
rocks of later geological age from the same locality gave amounts 
of radium varying from 0'8 to 6 ‘9 (x 10“^ gram per gram). 

F. S. 

« 

Radioactivity of the Waters of Saratoga Springs, New 
York. Kichabd B. Moore and 0. F. Whittemore {J, Ink. Eng, 
1914, 6, 552—563). — The total activity of these waters, with 
one exception, was found to be low. A large proportion of the 
activity is due to the presence of dissolved radium salts. Many 
of the springs contain barium hydrogen carbonate, and, to some 
extent, there is a relation between the quantity of radium and 
that of this salt. A connexion could not be traced between the 
activities and the quantities of the other salts in solution, 

W. P. S. 

Analysis of Radioactive Substances by Sublimation. C. 
Kamsaoer [Lt Radium, 1914, 11, 100 — 107). — An apparatus is 
described, consisting of a surface of platinum foil, electrically 
heated, inside a closed desiccator attached to a rubber balloon to 
allow for the expansion of the gas. Above the heated surface is 
a tray containing ice, and charged negatively to 220 volts. Radio- 
active substances are heated on the foil, and the active deposit 
products, sublimed on the cold surface, are employed to determine 
the relative poportions of radium, thorium, and actinium present. 
The heating is maintained for four minutes at 1150^^, and measure- 
ments of the decay curves are started five minutes from the com- 
ineucement of heating. The theoretical curves for the pure sub- 
stances are calculated, and tbe experimental curves are shown to 
^ree. An analysis by this method of the thermal sediment of 
Kreuznach gave 1'75 mg. of radium per 1000 kilos., in good accord 
With the result of the emanation method, 1*84 mg. per 1000 kilos. 

le amounts of thorium- A and actinium- A present were also 
eKtimated. j’. g. 
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Distribution of Solvents between Solutes, III. Electnc&i 
Conductivity of Mixtures of Salts in Organic and 
Solvents. A. G. Dohoscheyski and S. V. Dvoeshantschik (/. 

Phys. Gh«m, Soc,^ 1914, 46 , 453—459. Compare this vol, ii, iigv ^ 
The fact that the conductivities of mixtures of potassium anj 
tetraethylammonium iodides in water, meGiyl or ethyl alcohol 
methyl ethyl ketone, acetonitrile and nitromethane, are in agie^! 
ment with Barmwater's formula (compare Philip and Courtmau ‘ 
T., 1910, 97 , 1261), in conjunction with the authors' concIuaoBs 
(A., 1913, ii, 1014), indicates that solutions of the two above 
iodides in all these solvents are isohydric at equivalent concentra- 
tions. This is, indeed, found to be the case, as nearly as can be 
expected in view of the difficulties attending measurement of the 
conductivity in the solvents employed. 

Deviations from this rule might be expected with feeble electro- 
lytes and with solvents exhibiting strongly marked chemical func- 
tions and slight ionising capacity. The authors have investigated 
the conductivities of sodium and potassium iodides and their mix- 
tures in water and in absolute methyl and ethyl alcohols. la 
absolute methyl' alcohol, has the values 74’92 and 80-30 re- 
spectively for sodium and potassium iodides, aad in absolute ethyl 
alcohol 2873 and 29'60.‘ With mixtures of the iodides, the results 
obtained are analogous to those of Philip and Courtman. 

Further measurements of the conductivity were made on sodium 
and potassium chlorides and their mixtures, and on barium chloride 
and nitrate and their mixtures, in aqueous ethyl alcohols of 
different strengths. The results obtained lead to the conclusion 
that strong electrolytes in organic and mixed solvents form solu- 
tions which are iso%dric at equivalent concentrations. 

T. H. P, 

Dielectric Constant of Gases. L. Verain {Ann. Physique, 1914, 
[ix], 1 , 265 — 296, 623 — 590).— Measurements have been made of 
the dielectric constants of air, carbon dioxide, and sulphur dioxide 
by a method involving the comparison of the capacity of a con- 
denser containing the gas under examination as dielectric with 
that of a standard condenser. The influence of temperature was 
determined by measurements between 0^ and and the pressure 
was varied from about 1 to 6*5 atmospheres for air and carbon 
dioxide, and up to 2-4 atmospheres for sulphur dioxide. 

The results obtained for air are in excellent accord with the 
requirements of Maxwell’s relation where K is the dielectric 

constant and n the refractive index. For the other two gases, the 
agreement is much less satisfactory. 

The Mossotti-Clausius relation (A - 1)/(A + 2 )<^= constant, which 
for gases at low pressures may be written in the form 
constant, is satisfied by the data for air and carbon dioxide within 
the limits of experimental error, but a much greater divergence- is 
shown by the numbers for sulphur dioxide. . . 

Measurements were also made of the dielectric constant of hquw 
carbon dioxide and of its saturated vapour at temperatures 
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l^tween -4° and the critical temperature (31-4®). In this case 
prude’s method was employed.^ If the values of the dielectric 
constant are plotted as a function of the temperature, an appar- 
ently continuous curve is obtained, the tangent at the critical 
temperature being perpendicular to the temperature axis. 

^ H. M. D. 

The Thermoelectric Force of Tin Selenides. H. Pelabon 
iQQfiy’pL rtnd.^ 1914, 158, 1897 — 1900. Compare this vol., ii, 521). — 
TJie author has determined the thermoelectric force of couples 
consisting of platinum with tin-selenium alloys of varying composi- 
tion at various temperatures, and has plott^ the curves, showing 
the relationship between the thermoelectric force and the per- 
centages of tin and selenium in the alloys. The form of the curves 
varies with the temperature, but all show an angular point corre- 
sponding with the selenide SnSe. The selenide SnSe 2 is not 
indicated by any particular change in direction of the curve. At 
the hot juncture the current passes from platinum to the alloy 
for Ft-SnSe, and from the alloy to platinum for Pt-SnSog. A 
couple formed by platinum and an alloy of composition inter- 
mediate between that of the two selenides, and varying slightly 
with the temperature, will have no thermoelectric force. W. G. 

Application of the Theory of Allotropy to Electromotive 
Equilibria. A. Smits and A. H. W. Aten {Proc. K. Akad. Wtitnsch. 
AmUrdami 1914, 17, 37 — 54. Compare this vol-, ii, 165). — If the 
equilihrium at the surface of contact between a metal and a solu- 
tion of one of its salts is disturbed by anodic dissolution or cathodic 
deposition, a difference of potential will be set up between the 
electrode and a “normal” auxiliary electrode. For very small 
current densities, the external equilibrium will not, in general, 
be sensibly disturbed, but as the current density increases, it is to 
be expected that the departure from the normal condition of 
equilibrium will become evident, and that the resulting difference 
of potential between the electrode and the auxiliary electrode will 
increase. If the internal equilibrium is set up very quickly, the 
potential difference in question will be very small, but much larger 
values are to be expected if the adjustment of the internal equil- 
ibrium is comparatively slow. 

Experiments have been made in which currents of varying 
intensity were passed between rods of silver, copper, lead, nickel, 
cadmium, bismuth, iron, and aluminium, immersed in solutions of 
the corresponding salts, and in which the anodic and cathodic 
polarisation was determined by the aid of an auxiliary electrode 

the same metal. 

The results obtained lead the author to the conclusion that the 
internal equilibrium is very quickly set up in silver, copper, and 
■ead, very slowly in nickel, and||||^an intermediate rate in cadmium. 

16 behaviour of bismuth, and aluminium suggests that 

aUIytic agencies play a considerable part in connexion with the 
wlarisation phenomena. H. M. D. 



ii. 612 


ABSTUACrrS OP CHEMICAL PAPERS. 


Stability and Oxidation Potential of Hypochlorites, n 
tributions to Catalysis and a Hypochlorite-Carbon Cell. 
Hofmann and Kubt Ritteb (5<r., 1914, 47, 2233~-22U) 
authors have compared the behaviour of calcium hypochlorite f 
from chloride, with that of bleaching powder and of a mixture 
calcium hypochlorite and calcium chloride towards Yarir^^^ 
reagents (compare Taylor, T., 1910, 97, 2541). Towards carbo^ 
dioxide-free, dry air, calcium hypochlorite and bleaching powde'^ 
show very little difference in behaviour at 90°, there being only ^ 
very slight loss of chlorine in both cases. When exposed to moist 
air containing carbon dioxide at the ordinary temperature, tC 
bleaching powder loses a greater proportion of its available chlorine 
than does the calcium hypochlorite; a mixture of calcium hypo- 
chlorite and calcium chloride behaves similarly to the bleachinir 
powder. In an atmosphere of dry carbon dioxide, calcium hyn(J 
chlorite loses a small percentage of its available chlorine after five 
hours’ exposure ; the mixture of hypochlorite and chloride loses a 
slightly greater percentage, whilst the bleaching powder loses all 
its available chlorine. In a current of moist carbon dioxide, botli 
calcium hypochlorite and bleaching powder lose all their active 
chlorine, but whilst the latter evolves only chlorine, the former 
evolves both chlorine and hypochlorous acid; a mixture of hypo- 
chlorite and chloride behaves similarly to bleaching powder. In a 
solution of calcium hypochlorite a stream of carbon dioxide gives 
the ratio: free chlorine: chloride chlorine: chlorate chlorine^ 
2 : 1:1, the hypochlorous acid formed in solution decomposing In 
accordance with the equation 4HOC1 = HCIO 3 + HCl -|- CI 2 + H^O. 
In a solution of bleaching powder the free chlorine is increased at 
the expense of the chlorate chlorine, the ratio being 3:1. Both 
calcium hypochlorite and bleaching powder behave in the same wav 
towards ammonia, there being an almost quantitative evolution of 
nitrogen. 

Solutions of calcium hypochlorite and of bleaching powder are 
decomposed catalytically to the same extent by cobalt, nickel, and 
iridium oxides, whereas the oxides of chromium, iron, manganese, 
uranium, bismuth, palladium, osmium, thallium, and vanadium are 
inactive. Calcium hypochlorite solutions are more stable towards 
ruthenium and rhodium salts, whereas bleaching powder solutions 
are more stable towards copper sulphate and lead nitrate. 

It has been supposed that the oxidising power of hypocklorites 
and other oxidising agents can be increased by the addition of 
oxygen-evolving catalysts. Experiments with solutions of sodium 
hypochlorite and hydrogen peroxide show that this is not the case; 
oxygen-evolving catalysts, such as iridium powder and cobaltic 
oxide, simply evolve their oxygen without exerting any appreciable 
oxidising effect on any oxidisable substances present, for exampb) 
anthracene, whereas oxygen carriers, such as osmium tetroxide, 
> increase the oxidising power, tha^lk raise the oxidation potential 
of the hypochlorite or hydrogen ^^xide. This result can be pre- 
dicted from thermochemical considerations. 

Measurement of the oxidation potentials of solutions of calcium 
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hypochlorite and of bleaching powder, each saturated with calcium 
hydroxide, using platinum, magnetite, or gold electrodes, showed 
they are approximately the same; the potential depends very little 
on the dilution, but is affected by the alkalinity of the solutions. 
The bleaching-powder solutions are, however, too unstable for use. 

Of various cells which were built up in order to make use of the 
oxidising powers of hypochlorites, the following gave the highest 
namely, 2-24 volts, corresponding with a 92-2% yield on 
the used oxygen : Platinum-sodium hypochlorite solution made 
alkaline with sodium carbonate I 20% solution of sodium chloride I 
10 % sodium hydroxide, zinc oxide, zinc. 

It was found possible to construct cells with carbon electrodes. 
Thus the cell; Platinum-sodium hypochlorite, sodium carbonate 
solution I 2 A"-sodium hydroxide | 2A^-sodium hydroxide, beechwood 
charcoal in platinum wire gauze, gave an initial voltage of 
0 ' 76 — 0‘91 volt. Quantitative measurements showed that the 
current yield from this cell was 76% of the oxygen used from the 
hypochlorite. With a somewhat similar cell it was shown that the 
dectromotively active oxygen was almost completely transformed 
into carbon dioxide. 

It follows that with alkaline hypochlorite solutions at unattack- 
able electrodes a sufficiently strong oxidation potential is obtained 
to oxidise boxwood charcoal, opposed to it in a galvanic cell ; also, 
from such a cell current may be taken continuously. Before these 
results are of practical value, however, further investigations are 
necessary. ' T. S. P. 

The Potential of the Feiricyanide-Ferrocyanide Mectrode. 
Ekich MtiLhER {Zeitsek. physikal Chem., 1914, 88 , 46— 56).— The 
potential of a number of mixtures of potassium ferrocyanide and 
potassium ferricyanide in the presence of potassium hydroxide, 
hydrochloric acid, and potassium chloride has been determined at 
0 ^. The electrode used was either of gold or platinised platinum. 
The results obtained have been compared with those of Lewis and 
Sargent (A., 1909, ii, 369) and Predenhagen (A., 1902, ii, 238). 
It is shown that the figure which has hitherto been regarded as the 
])otential of the ferrocyanide-ferricyanide electrode is an undeter- 
mined and indefinite quantity, which depends not only on the ratio 
of the concentration of the two salts, but also on the concentrations 
of the salts themselves. In the presence of A-potassium chloride 
the potential at 0 ° is expressed by 

€ = 0'232-|-0'0546nog«/o volts (against AA), 
where i and o are the total concentrations of the ferricyanide and 
ferrocyanide respectively, and NE represents the normal electrode. 
Ib electrolytic potential of the process 

Fe(CN)iii~.A Fe(CN)^^ 
approximately 014 volt (against NE), and the ratio of 
tbs dissociation constants of the dissociations 

K3Fe(CN)6 ^ 3K--fFe(CN)e“^ 
ind K^Fe(CN)g ^ 4K‘ + Fe(CN)g^^ is approximately 68 . The 
‘btluence of potassium hydroxide and acids on the potential of the 
VOL. cvi. ii. 42 
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Pe(CN)e“V^®(^^)8^’^ electrode is due to a shifting of the dissocia- 
tion ratio. At small concentrations of potassium ferri- and ferro- 
cyanides, the dependence of the potential on the concentration of 
potassium hydroxide and potassium chloride at 0*^ is given by the 
equation e=0-24 + 0-0546Tlog47o.K‘ volts_ (against NE), and on 
the concentration of free acid hy the equation 

e- 0-45 + 0*0546 Z* log i/o . H' (against NE), 
where K' and H‘ respectively are the concentrations of the 
potassium and hydrogen ions. J. F. g. 


Electromotive Behaviour of Soluble Sulphides. Roger C. 
Wells (/. Physical Chsm.., 1914, 18, 510 — 520). The single poten- 
tials of acid solutions of hydrogen sulphide and of solutions of 
sodium hydrogen sulphide, sodium sulphide, and sodium polysul- 
phides have been measured against a calomel electrode. It is shown 
that solutions of polysulphides behave electromotively in the same 
way as other oxidation and reduction elements. It is generally 
impossible to represent their behaviour mathematically without 
assuming that several polysulphides are present in a ratlier com- 
plicated equilibrium. For mixtures which contain sufficient sulphur 
to form NagSg and Na2S3 the normal electrode potential can he 
obtained by calculation^ from the relative concentrations of h'a.S 
and ISTa^S. by means of the equation 

j^^=^o-0*059/61og (5^')^/(*SV")> 

when the value of -S’q is found to he -0'208 volts. On reaching a 
sulphur concentration corresponding with Na^S^ there is a sudden 
shift in the value which points to a higher polysulphidc. On 
the other hand, solutions which are easily saturated with sulphur 
have as the exTjression for their potential the equation : 

-0'26-0-0291og(5— ). 


Positive Ions from Non-metallic Elements. I. Precipita- 
tion of Metals from Solutions of their Salts by Yellow 
Phosphorus. R. M. Bum and S. H. Diggs {J. Amer. Chem. iV, 
1914, 36, 1382— 1392).— The products obtained hy the action oi 
yellow phosphorus on aqueous solutions of copper sulphate are 
copper and phosphoric acid, together with smaller quantities o 
copper phosphide and phosphorous acid. The metallic copper was 
deposited in the form of tubes surrounding the sticks of phosphorus, 
each tube being covered on the inside with a layer of black coppr 
phosphide. It is probable that the phosphide is formed by m 
subsequent action of the precipitated copper on the phosphom 
and that the phosphorous acid is due to the interaction o tiie p 
phorus and the phosphoric acid formed in the principal reactiou 
The quantitative measurements indicate that approximately 
atoms of copper are precipitated hy two atoms of phosphoius, 
represented by the equation : 

SCuSO^ + 2P -h SHP = 5Cu + 5H2SO4 + 2H3BO4. 

Since the copper is formed only on the surface of the ph^p 
or on the surface of conductors connected with the phosphor , 
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probable that t-be action is electrolytic in character, as represented 

Iw the equations : 5Cu* ’ + 2P ~ 5Cu + 2P • 

2P + lOOH^ =2H3POi + 2 H 2 O. 

According to this, the primary action consists in the transfer of 
positive charges from the copper to tlie phosphorus. In support 
of this view, it is found that a cell of the type 
Cu I CuSO, I HjSO, I P 

yields a current which passes from the phosphorus to the copper 
ibrough the solutions. The E.M.F. of the cell is about O’SS volt, 
and little or no different is found by varying the concentration of 
the sulphuric acid solution or by replacing this by distilled water, 
or by solutions of sodium and magnesium sulphate. 

According to th^ experiments there is no essential difference 
between the metallic and non-metallic elements in respect of their 
tendency to form positive ions. IJ, AI. D. 

Evolution of Hydrogen at the Anode during the Electro- 
lysis of Methyl Alcohol and Formaldehyde. Emcn Mullfb 
aud TRiEDRicn Hochstetter (Zntsch, EUktrochm., 1914, 20, 
367 — 369),— Equal volumes of 4iV-sodium hydroxide and methyl 
alcohol were electrolysed in a divided cell using a platinum anode 
and a current density of O'l ampere per 15 sq, cm. The anode 
products were formic acid and formaldehyde and 135 c.c. of a gas 
consisting of 97-4% H 2 , 1‘2% 0^, and 14% CO. The amount of gas 
produced increased as the electrolysis proceeded. The substitution 
of formaldehyde or formic acid for the methyl alcohol gave no gas 
evolution at the anode. On substituting a copper anode for the 
platimini gas, evolution did not take place with methyl alcohol 
or formic acid, hut with formaldehyde pure hydrogen was evolved 
at the anode, and in amounts equal to that at the cathode. Jb is 
shown that in this case the total current can be used in effecting 
the reaction Hg— C^O + 0^^ + 2 /<":=H 2 + CO^, aud this reaction prob- 
ably consists in the discharge of the ioii II^CO^^^, since formaldehyde 
behaves as a dibasic acid in alkaline solution." The whole change is 
represented by the scheme : 

jj>C_0 + H20 = <0H + W — 

2h-+h>c<^: 

H>C<®: + 2r=2>C<° = H, + CO,. 

J. F. S. 

The Electrolytic Deposition of Alloys and their Metallo- 
graphical and Mechanical Investigation. III. Attempts to 
Prepare Zirconium, Aluminium, Antimony and Chromium 
Bronzes. R, Kremann, Josef Lorbek, and Rudolf AIaas [Monatsh., 
^914, 35, 581—602. Compare this voL, ii, 96, 422).— Attempts to 
deposit zirconium electrolytically from (1) an alkaline solution of 
Zirconium hydroxide and tartaric acid, with platinum electrodes, 

42—2 
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(2) with a mercury cathode, and (3) from an alkaline solution 
zirconium oxychloride and tartaric acid to which a small qua 
of an iron salt had been added, all led to negative results- iu 
last case iron was deposited in the passive condition. Atteinut f 
deposit zirconium along with tin, zinc, and copper respecti ] 
from mixed alkaline solutions also failed to give a deposition ^ 'I 
zirconium. The deposition of copper from aluminium solutiona ‘ 
tartaric acid or potassium cyanide gave deposits of copper conta^'^ 
ing several per cent, of cuprous oxide. Antimony and copper couS 
be simultaneously deposited from a solution of copper sulptaf 
containing tartar emetic, aluminium sulphate, and alkaline tartrate 
The allays were examined, and it is shown that the tendency to 
form mixed crystals is small, but that rather the two metals 
separate out as individuals. The electrolysis of a chromium coq 
taining copper solution gave no deposit of metallic chromiuni 
copper alloy; e copper is deposited which contains about 2*2% of 
chromium, but this is in all probability present ae hydroxide. 

J. P.’s. 

The Electrolytic Deposition of Alloys and their Metallo- 
graphical and Mechanical Investigation, IV. Experimeutft 
on the Deposition of Iron-Magnesium Alloys from Aqueous 
Solutions. Kodekt Kbemann and Josef Lobbeh (M<matik^ 19]^ 
35, 603 — 634. Compare preceding abstract). — A series of solu- 
tions of ferrous sulphate and magnesium chloride, with and witliom 
tlie addition of potassium chloride, have been electrolysed with the 
object of in this way obtaining alloys of iron and magnesium. The 
deposits obtained with current densities varying from O' 6 to 3‘3 
amperes per sq. dcm. contained metallic iron and a solid solution 
of iron and magnesium, together with ferrous hydroxide and mag- 
nesium hydroxide, The maximum percentage of magnesium in 
any case being 3‘0^, and in all cases where the magnesium 
approaches this value the oxygen content of the deposit also 
increases, rising in the stated case to 10' 3 7%. The product oxidises 
very rapidly in the air, and on slowly drying in a desiccator it 
becomes heated. On warming the deposit to 200 — 300° it oxidises 
so rapidly that it glows. A series of potential measurements were 
made with the products, and also with electrolytic iron; in all cases 
the potential against ferrous sulphate solution shows that the iron 
is passive. The metallographic investigation shows that alongside 
with the ft-on deposit there is a silver-white deposit, probably of 
iron-magnesium alloy and oxides. The determination of the hard- 
ness of the deposits leads to the same conclusion. When the dried 
deposits are placed in water at 94°, an evolution of pure hydrogen 
occurs, which increases with the magnesium content of the deposit. 

J, F. S. 

The Electrolytic Deposition of Alloys and their Metallo- 
graphical and Mechanical Investigation. V. Nickel-Iron 
Alloys Deposited from Sulphate Solutions at High Tem- 
peratures. Robert Kremakn and Rudolf Maas [Uonaisk^ 19H. 
35 , 731 — 753. Compare preceding abstracts). — In a previous com- 
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(this vol., ii, 97) iron— nickel alloys deposited at ordinary 
temperature were shown to be brittle, and this was supposed to be 
due to the presence of hydrogen. The present paper deals with the 
production of similar alloys at higher temperatures, the object being 
to obtain less brittle alloys, which are to be expected if the presence 
of hydrogen is the cause of the brittleness. Experiments were 
carried out with (1) solutions of iron and nickel sulphates without 
additions, (2) in the presence of potassium oxalate, and (3) in the 
presence of citric acid. In comparison with the results obtained 
at the ordinary temperature Qoc. cit.) it is shown that the nickel 
content of the deposit increases enormously with increasing tem- 
|)erature. With regard to the relationship between the composi- 
tion of the solution and that of the deposits, it is shown that the 
same sort of relationships are found as at ordinary temperatures. 
(1) The nickel content of the deposit increases at first rapidly 
and then more slowly with an increasing concentration of the 
nickel in the solution. (2) Addition of potassium oxalate or citric 
acid increases the nickel content of the deposition. In the case 
of citric acid the amount of increase depends on the original con- 
centration of the acid. An improvement in the consistency of the 
deposit by working at higher temperatures is not effected, but the 
increased percentage of nickel in the deposits (70 — 80%) is to be 
regarded as a disadvantage from the point of view of the prepara- 
tion of nickel steels. When iron cathodes were employed in the 
electrolysis of the metal there is a great tendency to the formation 
of spongy deposits, but the use of carbon cathodes leads to a 
deposit of greater consistency. The concentric ring structure of the 
alloys found at lower temperatures is obtained in the present work, 
but much more strongly marked. It is supposed to be due to the 
formation of hydrogen bubbles on the surface of the deposit round 
which the further deposition takes place. The hardness of the 
alloys is ^eater than that of the alloys obtained at lower tempera- 
tures, and from this the authors draw the conclusion that the 
formation of solid solutions has taken place to a far greater extent 
at higher temperatures than at lower temperatures. The increased 
hardness also offers a confirmation to tlie hypothesis put forward 
ill the earlier paper that the presence of hydrogen cannot be 
regarded as the cause of the increased hardness of the electrolytic 
deposits. The EM.F. of the various deposits have been measured 
against solutions of nickel sulphate and ferrous sulphate. It is 
shown that both those obtained at 75° and at the ordinary tem- 
perature give a potential which is much nobler than the usual 
potential, and on remaining in the solution slowly approach the 
normal value, The conclusion is drawn from this that iron-nickel 
alloys are deposited in the passive condition. This is explained by 
the assumption of a local alkalinity in the neighbourhood of the 
electrode. J. F. S. 

^ectrolytic Deposition of Brass on a Rotating Cathode. 

®®nnett and A. W. Davison (/. Fhysital 1914, 18, 

00 ^509). — Since the deposition of brass electrolytically from 
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mixed solutions of cyanides of zinc and copper only yielded iuk f 
factory results, a series of experiments were made with 
solutions of salts of these metals with the object of obtaining h 
electrolytically. As a preliminary the deposition voltages of ^ 
and copper, at various current densities, were determined 
an oxygen electrode for solutions of the sulphate, formate, fluorid 
silicofluoride, and cyanide of these metals with various additions 
acid, ammonium chloride, and potassium cyanide, and depositi^,^ 
voltage curves drawn. Pairs of substances which had similar curv 
were then employed for the production of brass electrolytically 
is shown that in no case save that of the mixed cyanides could 
deposit of brass be obtained, and since this is not satisfactory tlie 
reasons for the non-succees were studied. It is shown that the 
deposition of brass from cyanide solutions depends probably on ho 
factors : (1) the tendency of the potentials of copper and zinc k 
become the same in cyanide solutions, and (2) the increase in the 
potential of the more noble metal by impoverishment. The latkr 
factor is practically eliminated by using a rapidly rotating cathode 
A satisfactory brass has not been deposited from cyanide solutions 
on a rotating cathode ; the alloy obtained is brittle, and the brittle- 
ness is probably due to occluded impurities which arise from the. 
cyanide, and therefore cannot be removed. The ratio of the metals 
in the solutions for the deposition of a brass varies with the amount 
of free cyanide and the rate of rotation of the cathode. J. f, g, 

Magneto-chemioal Phenomena. A. SchOkarev {Phy^M 
ZeiUch.y 1914, 15, 670—673). — If two platinum plates are immersed 
in a solution containing O'lA-ferric chloride and OTA-potassiuin 
iodide, a current is obtained when the two. plates are connected 
throiigli a galvanometer. The phenomenon is independent of the 
stirring of the solution, and if the plates are of unequal size the 
current flows from the larger to the smaller plate. 

If two plates equal in size are employed, and the solution is 
exposed to the action of a magnetic field in such a way that the two 
plates are unsymmetrically situated in reference to the magnetic 
lines of force, a further polarisation current is set up, which flows 
from the plate which is in the more intense part of the field to the 
plate in the less intense region. This magneto-chemical effect is not 
observed if the plates are symmetrically situated with reference to 
the transverse field or if the plates are at right angles to the 
lines of force. Similar effects have been obtained with oilier 
solutions. 

Other experiments are described which show that similar mag- 
netic effects may be observed at the electrodes during the elect w- 
lysis of aqueous solutions of certain salts. A table is given m 
which tlie results obtained with a larger number of different 
electrolytes are recorded. H. M. D- 

The Diamagnetic Properties of the Elements follow a 
Periodic Law. Paul Pascal {Compt rend,^ 1914, 158, 1895 — 1897 ) 
— By plotting the coefficients of magnetisation of the elcineiiti 
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jcrainst their atomic weights a series of curves are obtained, similar 
to Lothar Meyer’s atomic volume curvee, on which elements belong- 
•„(r to the »ame natural family occupy similar positions on the 

w. G. 

Qualitative Method for the Study of the Magnetic Sus- 
ceptibility of Solutions. A. Quartaeoli (Aworo Cim,, 1914, [vi], 
7 1 , 159— 164)- — means of truncated conical poles a field is 
^itained in which a zone of great intensity is separated sharply 
from one of feeble intensity. The solution to be examined is intro- 
duced into a glass tube of 8 — 10 mm. diameter, and above it is 
ulaced, carefully and without mixing, coloured water. The tube is 
then arranged between the poles so that the surface of separation 
of the two liquids corresponds with the lower point where the poles 
Ijeffin to diverge. When the magnet is excited, the water bulges 
out into the magnetic solution below without sensibly mixing with 
it and, if the field is sufficiently intense, a globule of the water 
becomes detached and remains suspended in the magnetic liquid. 
The phenomenon is visible with weak fields and dilute solutions, 
which yield scarcely perceptible indications by Pliicker’s or the 
U -tube method. Naturally, the results become more marked as the 
specific gravities of the two liquids approach equality. T. H. P, 

The Manner in which the Susceptibility of Paramagnetic 
Substances Depends on the Density. W. H. Keesom {Proc. K. 
Ahd. Wetensch, AmsUrdam, 1914, 17, 110—122. Compare this vol, 
ii, 335).— By application of the quantum theory, the author has 
deduced equations from which it is possible to calculate the suscepti- 
bility of paramagnetic substances. The calculated values for 
osvgen are in satisfactory agreement with the data obtained by 
Perrier and Onnes {loc. cit.) in their measurements of the suscepti- 
bility of liquid mixtures of oxygen and nitrogen. It was previously 
pointed out that these results could be explained on the basis of 
Langevin’s theory by the assumption of negative molecular fields, 
and the experiments in question do not therefore alTord an experi- 
mentiim crucis in respect of the two theories. H. M. D. 

Is the Duhem-Margules Equation Dependent on the Ideal 
Gas Laws? M, A. Rosanoff (/. Amer. Chem. Soe., 1914, 36, 
1408 — 1411). — It is shown that the Duhem-Margules equation con- 
necting the partial pressures and the proportions of the components 
in a binary mixture ie a purely thermodynamic relationship, and is 
applicable to all mixtures independently of whether the vapours 
satisfy or deviate from the simple gas laws. H. M. D. 

Laws of Baoult and Henry and the Constants of Ebullios- 
eopy and Cryoscopy, M. A. Rosanoff and R. A. Dunphy (/. 
Amr. Chm. Soc., 1914, 36, 1411— 1418).— The authors show that 
Haoult’s and Henry’s laws may be deduced in a simple manner 
from the Duhem-Margules equation (compare preceding abstract). 
It is further shown that expressions for the ebullioscopic and cryo- 
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scopic constants may be obtained from Raoult’s law in combination 
with the gas laws. The molecular rise of the boiling point is 
by E=UT jlQiivdFYjdT, in which v is the specific volume of tlij 
vapour at the boiling point and dP^jdT is the variation of tie 
vapour pressure with the temperature at the boiling point, 
the available data it would seem that both these quantities can be 
measured with considerable accuracy, and the formula is recom- 
mended for the evaluation of boiling-point constants. These con- 
stants have been calculated for thirty-three liquids, and it is - 
mated that the probable error attaching to the values obtained in 
this way is in general less than 2%. 

The expression derived for the freezing-point constant is similar 
and may be written E — RT jlQ{iv{d'pildt-dp^ldt), where v is tbe 
specific volume of the vapour at the freezing point, and dpijdt and 
dp-^ldt are the slopes of the vapour-pressure curves for ice and 
water respectively at this temperature. On account of the experi- 
mental difficulty attached to the measurement of these quantities, 
the equation is only of theoretical interest. 

Since Raoult’s law follows from the Duhem-Mar gules equation, 
in which the molar fractions are based on the molecular weights 
of the vapours, it is suggested that the molecular weights obtained 
from boiling-point and freezing-point measurements may liaTe 
reference to the substances in vapour form, and not to the sub- 
etances in the liquid solution. H. M. D. 

Application of the New Heat Theorem to (3-ases. W. 
Nernst (EeiUch. Elektrocksm., 1914, 20, 357 — 360). — The Nernst 
heat theorem has hitherto only been applied to condensed systems 
of crystallised substances, amorphous substances, mixtures, and 
dilute solutions. The present paper deals with the application to 
gaseous sy.stems. Three fundamental hypotheses are mad^; 
(1) Every gas which is cooled at constant volume without liquefying 
reaches eventually a condition in which it possesses a vanishing heat 
capacity. (2) The decrease in the specific heat of a gas occur? 
earlier the greater the density of the gas; and (3) every physical 
or chemical change which takes place with the production of tbe 
maximum work A in gases of finite density, occurs in accordance 
with the expression limit-dA ldT = 0 (T — 0). The heat theorem is 
then applied to the vapour-pressure curve of gases, and the expres- 
sion A = ~ Tf{\vl'P)dT evolved. It is shown that every gas wliicli 
is constantly cooled at constant volume (assuming that liquefaction 
does not take place) must eventually reach a condition in whicli it 
presents resemblances to tho amorphous condition. Strong com- 
pression of a gas at constant temperature will bring the same condi- 
tion about. Confirmation of these two statements is found in tk 
results of seismic researches on the conduction of transverse vibra- 
tions through the interior of the earth. J. F. S. 

Specific Volumes of Nickel Steels. P. Chevpnarp (Compt 
rtfwd,, 1914, 159, 53 — 56). — A study of the dilatation curves of nicbl 
steels with varying nickel content at -195®, 0®, and 750°. AtO® 
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there is an irregularit7 in the curve for alloys between Fe and 
ye^Ni, the alloys corresponding with this portion of the curve 
^j^^ergoing an irreversible transformation, the amplitude of which 
is proportional to the content of free iron in the alloy. For alloys 
between FegNi and FeNi, there is a reversible irregularity, the 
^piplitude of which is directly proportional to the amount of the 
compound FegNi in the alloy. W. G. 

Calorific Conductivity and Viscosity of Monatomic 
Liquids. Leon Beillouin {Compt. rend., 19U, 159, 27— 30).— A 
mathematical discussion of the subject. W. G. 


The Limits of Inflammability of Fire-damp. F. Leprinck- 
Rimgdet {Compt. rend., 19H, 158, 1793—1796). — The composition of 
the conibustible gases has been determined, in each case, by 
Ubretou’s apparatus, by Le Cbatelier’s apparatus, and by the 
eudiometric method. Using the first apparatus, three factors have 
to be taken into account, namely, the temperature, the percentage 
of water vapour, and the solubility of the gases in the water with 
which they are shaken, the influences of which can be calculated. 
The results show (1) that pressure exerts no appreciable influence 
on the limit of inflammability. (2) The limit varies with the 
diameter of the tube used, and is the limit of propagation relative 
to the diameter of the orifice. (3) The limit of propagation from 
the bottom upwards is inferior to the limit from the top of the 
tube downwards. W. G. 


The Inflammability of Mixtures of Methane and Different 
[jases. F. Leprince-Ringuet {Compt. rend,, 1914, 158, 1999—2001).— 
A study of the inferior and superior limits of inflammability of 
mixtures of methane and oxygen and nitrogen; and methane, 
Dxygen, and carbon dioxide. The curves obtained, showing in the 
first y = 0114/02 and ,r = N2/02, and in the second case y = C'R^lOo 
ind ,7=002/02 are the same curves, the abscissae in the second 
being multiplied by 0‘56. Thus a mixture containing several 
incombustible gases behaves as though each incombustible element 
was replaced in a definite ratio by one other of these gases. W. G. 


Pressure Regulators. II. Ernst Beckmann and Otto Liesche 
physikeU. Chem., 1914, 88, 13 — 21. Compare A., 1912, ii, 
334). — Several modifications are described which make the pressure 
regulator for ehullioscopic determinations more trustworthy and 
easier to manipulate. Slight changes are made in the method of 
idmitting small quantities of air, and in the automatic regulation 
3f the pressure. Instead of one large flask as compensating volume, 
-WO are used in the modified apparatus. A single electrical circuit 
ind relay replaces two such in the original apparatus. By means 
)f this apparatus the pressure can be kept constant to within 6 mjn. 
it pressures down to 100 mm. This constance of pressure implies 
i constancy in the boiling point of about O' OP. J. F. S. 
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EbuUioBcopic Behaviour of Solvents at Various Pfa 
sures. I. Benzene, Chloroform and Ethyl Alcohol, 
Beckmann and Otto Likschb [with Julius yon Bosse] 
phyiikal. Cksm., 1914, 88, 23 — 34). — The ebullioscopic const an tg ' 

been determined for the solvents benzene, chloroform, and ethvl 
alcohol at a series of pressures from 1371 mm. to 40 mm., usiua' 
number of substances of known molecular weig^ht in the detenni^^J 
tions. The apparatus used was electrically heated, and the preg. 
sure was maintained by the manostat previously described (see pre- 
ceding abstract). The value of the constant falls parallel with the 
pressure. The constants obtained agree well with tiose obtained bv 
Drucker (A., 1910, ii, 929), and the values are compared with the 
values calculated from a number of formul® which were discussed 
by the authors (this vol., ii, 170), and in general a satisfactwy 
agreement is found. The newly-determined constants for atmi 
spheric pressure are: benzene, 25‘7; chloroform, 38’8; ethyl alcohol 
12'0. Curves are given of the change of the constant with pressure 


The Theoretical Heat of Solution of CdSO^jJH^O and the 
E.M.P. of the Weston Normal Element. H. von Stbinwehr 
Zeitsch. physikah Ckem., 1914, 88, 229 — 254). — The work of Holpbopr 
(A., 1901, ii, 226) and that of Kohnstamn and Cohen (A., 1898, ii. 
495) on the heat of solution and the solubility minimum of 
cadmium sulphate are criticised, and the results, in part, recalcu- 
lated. A series of new determinations of the heat of solution and 
its temperature-coefficient are made by the method of taking a 
saturated solution and determining the neat change when successive 
small quantities of water are added to it. The apparatus aud 
experimental details are the same as that described by the author 
(A., 1901, ii, 641). In this way the values: 

CdS04,8 / 3Hi,0 -f- 39 7 ■ 33HoO - CdS04, 4001120 -b 2660 cals. ; 

CdSO4,20F2O -f- 379‘4H,0 -CdSOj^OOHgO -H 1041 cals. ; 
and CdSO4,15-17H3O-t5-43H2O-CdSO4,20-6H2O-(-552 cak are 
obtained, and from these the integral heat of solution of the solid 
hydrate in 12 ‘5 mols. of water, that is, the number of mols. of 
water required to give a saturated solution of CdSO4,8/3H20 at 
18°, is given by: 

CdS04,8/3H20 ^12*50H20-CdS04,15-17H20 + 1067 cals. 

The temperature-coefficient of the heat of solution at 18° is found 
to be -63T5 Cal. From the thermal experiments the total energy 
of the Weston Element is found to he — 47201 cak., and froin 
electrical data the EM.F. is calculated to 1’028675 volt at 18° am 
U to 47427 cal. It is thus shown that the energy measured calorv 
metrically is not independent of the temperature, as was asserte 
by Cohen (7oc. cit.), and that the temperature-coefficient is not small 
enough to be neglected, and the value of this coefficient determine 
calorimetrically agrees well with that determined electrically. ^ 
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The Hypohalogenous Acids and the Hypohalogenites. 

"BQSkt Changes in Reactions of Iodine Solution, Anton 
3KRABAt and Friedrich Buchta {Monatsh,, 1914, 35, 697—730).— 
Smpare A, 1907, ii, 448; 1909, ii, 224; 1911, ii, 382; 1912, ii, 33, 
^The lieafc changes accompauTring the reactions of iodine iu 
alkali solutions have been determined calorimetrically, using a 
calorinieter of the Thomsen pattern, in which the usual gold-plated 
vessels are substituted by glass vessels. The following thermal data 
lias been obtained : 

m B:i03 + 5KI + 6HCl-3l2-l-3H20-h6KCl-f829 cals. 

2 KI03 + 8KI + 6HCl = 3KIs-f 6KCI + 3H2O + 8O4 cals. 

(3) 3KI3 -f 6KOH = SKI -}- KIO3 + SHgO -1- 25 cals. 

From the above data, the value 

Sig + 6KOH == 5KI + KIO3 + SHgO - 6 cals, 
was deduced, together with the heat of solution of iodine in 
potassium iodide and in water. 

The following reaction, (4) KIg KOH = 2KI -f HIO - 43 cals., 
was also determined. In this connexion, note is made of the fact 
that reactions (3) and (4) occur simultaneously, and the most suit- 
able conditions for each determination were evolved from a know- 
ledt^e of the kinetics of the reactions. J. F. S. 

Principles of the Distillation of Alcohol. E, Chenard {BvlIL 
Soc. chim., 1914, [ivj, 15, 592 — 595). — The vapour formed by distilla- 
tion of aqueous alcohol tends to separate into layers of different 
density, affording a means of mechanical separation. Fractionating 
columns need not be vertical. It is suggested that partial separa- 
tion of substances boiling at the same temperature might be 
effected by taking advantage of the difference in density of the 
vapour in various parts of the condenser. A. J. W. 

The Quantitative Effect of Rapid Cooling on the Constitu- 
tion of Binary Alloys. II. G. H. Gulliver (/, Inst. Metals, 1914, 
11, 252 — 272 ). — Methods are given for calculating the proportions 
of liquid and solid present in rapidly cooled alloys, even in cases 
in which the liquid us and solidus lines are considerably curved. 
The methods are illustrated by application to alloys of copper with 
zinc, tin, and nickel. C. H. D. 

Fluidity as a Function of Volume, Temperature, and 
Pressure. The Equation of State and the Two Kinds of 
Viscous Resistance. So-called “ Slipping ” of Gases. Eugene 
0. Bingham (/. Arner. Ciiem. Soc., 1914, 36. 1393— 1408).— According 
to Batscliinski (A., 1913, ii, 26), the fluidity of a liquid is propor- 
tional to the “free volume,^’ and the author shows that this rela- 
tion also holds for suspensions of solids in liquids. It follows from 
tins connexion between the fluidity and the “free volume “ tliat 
tile variation of the fluidity of a liquid with temperature and 
pressure may be represented by an equation resembling that of 
'an der Waals. Empirical equations, which may be regarded as 
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simplified forms of the modified van dor Wa ala equation, have 

already been shown to represent the experimental data for 
with considerable accuracy. The equations do not apply, lio^vever, 
to gases, and the large discrepancy between the calculated and 
observed values is attributed to a special type of viscous resistance 
which does not come into play in the case of bquids. This resist, 
auce has its origin in the diffusion of the gas which carries with it 
translational motion, and is termed “diffusional viscosity.” 
liquids the resistance to flow caused by diffusion is negligihl^ 
small in comparison with the collisional viscosity, which is dhe 
to the collisions of molecules of one layer with those of an adjacent 
layer moving at a slightly lower velocity. In this ca^, the transfer 
of momentum is not accompanied by transfer of material. 

According to the above views, the viscosity ot a gas or liquid 
is the sum of the diffusioiial or collisioiial viscosities. By combinina 
tlie formuljc for these two types of viscosity, the author arrives at 
the equation 4 . = iv -w)l {A + 7IT(v-w)] for ^6 
between the viscosity the specific volume v, and the ahsohie 
temperature T. In this equation, A, 5 and ir are constants, , 
representing the limiting volume corresponding with zero flmdily 
(compare Batschinski, loc. dt.). It is shown that the fluidity of 
krbon dioxide in both the liquid and gaseous states can be 
represented with a fair degree of approximation by means of tins 

fomula^,^^ of a rarefied gas is also considered in accordance with 
tlie above views, and the author draws the conclusion that tlic 
viscosity at constant temperature is directly proportional to the 
density ^nd at constant volume is directly proportional to the 
square 'root of the absolute temperature. At constant tempera- 
ture and pressure, the viscosity is directly proportional to the square 
root of the molecular weight, and is independent of the other 
physical or chemical properties of the gas. 

It is supposed that the above deductions from the kinetic theory 
are also applicable to tlie explanation of phenomena 
connexion with the elastic properties of solids. H. M. D. 


Relation of the Internal Pressure of a Liquid to ite 
Dielectric Capacity and Permeability, W. C. McC. Lbwi 
IPhU. Mag., 1914, [vi], 28, 104-1 16).-Tlie niinimal values o 
internal pressure of a number of liquids at 0° have been ca cul j 
from the equation in which n the to ™ 

volume at absolute zero. This Imutang volume has been dexu 
from the critical volume by the relation r,=0'27i>t (Guldberg). 
general, the pressures obtained in tins way are approximate y 
L large as the values given by the latent heat 

A comparison of the internal pressures with the cerrrepooto. 
dielectric constants shows that these are not / 

although it is probable that they arc related in a less direct ma>i» 
On the assumption that the forces of molecular 
electromagnetic in character, a relation connecting t “ "o 
pressure with the dielectric capacity is deduced, and it is 
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that substances with larger internal pressures have correspondingly 
sdialler permeabilities. 

Py application of the electron theory to the question of cohesion, 
jt further shown that the validity of Pascal’s relation, according 
to whicli the product of the susceptibility and the specific volume 
is independent of the temperature and the state of aggregation 
of a substance, involves the conclusion that the orbits of the 
electrons are constant, aud that the frequencies of the absorption 
bands in the visible and ultra-violet should be the same for both 
the liquid and gaseous states, which is approximately, but not 
strictly, in agreement with experiment. 

Tlie diminution of cohesion with rise of temperature is in accord 
with the view that the intermolecular forces are electromagnetic 
ia character. H. D. 

The Variation of the “Gold Value” and the Viscosity of 
Colloidal Solutions with the Temperature. L, Liciitwitz and 
A. Rbnner [ZeiUch. physiol. Ghe.m.^ 19H, 92, 113 — 118). — -The power 
of colloidal solutions to prevent the precipitation of gold increases 
sli<ditly with the temperature. The viscosity diminishes with rise 
of temperature, and increases again when the temperature falls. 
The colloidal solutions employed were prepared from gelatin, serum- 
albumin, and human blood-serum, and the results are in accord 
with those obtained by previous investigators (compare White, A., . 
1912, ii, 61). H. W. B. 

The Viscosity of Protein Solutions. II. Peeudoglobulin 
and Buglobulin (Horse). Karkiette Chick {Biochtm, 1914, 8, 
261—280. Compare Chick and Lubrzynska, this vol., ii, 248). — ■ 
The previous study of the influence of concentration and tempera- 
ture on the viscosity of solutions of egg and serum albumins has 
been repeated in the cases of i^-globulin and euglobulin, and a 
general survey of the results is given. In all cases, increase in 
protein concentration is accompanied by a disproportionately%reat 
increase in the viscosity of the solution. The effect is least marked 
in the case of serum albumin, aud is greatest with euglobulin, 
solutions of which exhibit a high viscosity with a comparatively low 
protein content. Euglobulin dissolved (dispersed) in alkali has 
greater viscosity than when dissolved in salt solution. The 
euglobulin in horse serum is in the condition of salt globulin. 

The viscosity of protein solutions is decreased with rise of 
temperature, frequently to a degree far in excess of that displayed 
by water or solutions of crystalloids. Tlie greater the viscosity of 
the solution, the greater is the temperature effect, being most 
marked m the case of euglobulin solutions. 

An interpretation of the results is found in the two-phase nature 
of the systems studied. The observed disproportionate increase in 
viscosity of protein solutions with increase in concentration of the 
protein is explained on the ground that the volume of the disperse 
phase increases at the expense of the continuous phase. 

By means of Ilatschek’s formula, the amount of water required 
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for the colloidal solufcioa of 1 gram of these proteins is ca]culatfl({ 
to be 2-1, 3'8, and 5'8 c.c. for serum albumin, f globulin, and 
salt-euglobulin respectively at 25“^, Hence, by the v/ithdrawal of 
water in any salting-out process, the euglobulin, requiring 
water, is the first, and serum albumin the last, to be precipitatecL 

The effect of temperature on the viscosity of protein soiutioLis is 
explained as being due to a less degree of hydration of the colloid 
at the higher temperature. H. W. B. 

Pallftdium and Hydrogen. I. Adolf Sieverts 
phygikaL Chem., 19U, 88, 103— 127).— The absorption of hydrog^a 
by palladium wires of various thicknesses and purity, by palladium 
sponge, palladium black, and molten palladium has been determined 
over a range of temperature 100—1500°. It is shown that the 
absorption by palladium wire decreases with increase of tempera- 
ture very rapidly up to 600°, and then much more slowly to 800", 
and between 800 — 1500° only very slightly. ^ The quantity of 
hydrogen absorbed by a given weight of palladium is independeiit 
of the area of the palladium surface ; consequently, the absorption 
of hydrogen by palladium is to be regarded as a simple solution 
Commercial palladium wire absorbed rather less hydrogeii tlum 
chemically pure palladium. At the melting paint, 1550° molten 
palladium absorbed less hydrogen than the solid metal, and uou- 
sequently there is no formation of bubbles or spitting when molten 
palladium which is charged with hydrogen solidifies. The absorp- 
tion of hydrogen by palladium black was investigated with tlirce 
different specimens between the temperatures 0° and 220°, and the 
absorption curves were plotted ; they were also similar, and sliowed 
a very rapid fall in the amount of hydrogen absorbed above 100^. 
The amount of hydrogen absorbed is different in all the three cases, 
but the amount absorbed above 137° is larger than that absorbed 
by palladium wire at the same temperature. On heating, palla- 
dium black passes over into palladium sponge, and at the same time 
ther4^is an increase in the amount of hydrogen absorbed, which 
at low temperatures approaches that of palladium wire. At 
temperatures above 600° the absorption of all varieties of palladium 
is practically identical. An explanation of this is offered m the 
assumption that platinum black, depending on its method of pie 
paration, is made up of variable quantities of amorphous and 
crystalline particles. The amorphous variety has a greater power 
of absorption than the crystalline variety. The change in tlie 
absorption by heating is therefore explained as due to the change 
of the amorphous variety into the crystalline variety. It is sup- 
posed that the absorption by the amorphous variety is a simple 
adsorption, whilst that by the crystalline variety is solution. It is 
also shown that hydrogen which has been ionised by the action oi 
Ronfcgen rays or by h and y-rays from radium will not dilmse 
through a palladium plate at the ordinary temperature. J. V. b. 

Adsorption by Hydrated Zirconium Oxide. E. Wede® 
and H, Rheinboldt (Aur., 1914, 47, 2142 — 2150), — The hydra e 
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oxide was obUined by precipitating a cold, saturated 
solution of pure zirconium oxychloride with ammonia j thp 
cipitat^ was collected on a linen filter, washed until the disappear- 
ance of the chlorine reaction, and then dialysed to remove the last 
traces of ammonia. The adsorption of iodine and ammonia by 
this hydrated zirconium oxide does not follow the ordinary adsorp- 
tiou equation; the absolute content of the adsorbed iodine or 
ammonia increases with the coneentratiou of the solution, but there 
is no approximation to a constant value, even in the presence of 
large excess of the adsorbed substance. 

The adsorption of boric acid and phosphoric acid follows the 
ordinary adsorption law. No salts of zirconium with boric acid are 
known, but a zirconium hydrogen phosphate exists, namely, 
2r(HP04)2; this phosphate, however, behaves differently from the 
adsorption compound of hydrated zirconium oxide and phosphoric 
acid. 

Details are given of the qualitative behaviour of hydrated 
zirconium oxide towards colloidal ferric hydroxide, molybdeauin- 
blue, starch iodide solution, Congo-red, safranine, etc. The solu- 
tion of Congo-red is rapidly decolorised, with the formation of a 
blue adsorption compound, which, on warming, is transformed into 
the red salt. T. S. P. 

Adsorption of Dextrose. II. Petek Rona and Koloman von 
Toth [Biochein. Zeiisch,^ 1914-, 64, 288 — 295. Compare A., 1909, 
ii, 381).— It has been shown that the disappearance of sugar from 
solutions when the latter are shaken with animal charcoal, for the 
jiurposc of clearing, can be avoided by the addition of acetic acid 
ami oilier substances to the solution. Experiments show that in 
the case of acetic acid this is due to the undissociated molecules, 
and is not a function of the hydrion concentration. Experiments 
with the urethane series of substances show, furthermore, that the 
more readily a substance is adsorbed, the more readily it sets free 
sugar from its state of adsorption with the charcoal. The action 
of various substances in the sugar- charcoal mixture is due, there- 
fore, to their mechanical adsorbability. S. B. S. 

Sorption of Certain Acids and Non-electrolytes by Wool. 
A. Dietl 1914, 14, 319 — 321). — The absorption of 

various substances from aqueous solution by wool has been investi- 
gated by experiments at different concentrations. The relatioji 
between the quantity of substance c/ removed by a fixed weight 
of wool, and the equilibrium concentration of the aqueous solu- 
tion, is expressed by the equation ycy^jc/ = constant. For phos- 
phoric acid n- = 2, benzoic acid n^Vll, salicylic acid /t = 2'15, 
acetone sucrose ?j = l‘l. The low values of n for the two 

non-electrolytes are supposed to indicate the formation of a solid 
solution. jg- J) 

The Dissociation Pressures of Some Nitrides. E. E. Slade 
■“la U. 1. Hiqson {Rep. Brit. Aeioc., 1913, 451).— The following 
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nitrides dissociate, at the given temperatures, at pressures wbidi 
are not greater than the given values: vanadium, 1203°, 0‘2 nuj] . 
1271°, 1*5 mm.j tantalum, 1170° 0'4 mm.; boron, 1222° 9’4 mm ’ 

C. H. L.' 


Diflsociation Pressures of Ammonium and Tetramethyt 
ammoDium Haloids and of Phosphonium Iodide 
Phosphorus Pentachloride. Alexander Smith and Kobert Pryios 
Calvert (,/. A?nty- Chffm, Soc,^ 1914, 36, 1363 1382). ^The diBsocia. 
tion pressures were measured at a series of temperatures by means 
of the static isoteniscope. In the case of phosphorus pentachloride, 
the dynamic isoteniscope was employed, on account of the difficulty 
of finding a suitable confining liquid. The limiting temperatures 
and pressures are indicated in the following summary, which also 
sliows (in brackets) the temperatures at which the dissociation 
pressure is equal to 760 mm.: ammonium bromide, 300-^03'', 
35—935 mm. (394'6°) ; ammonium iodide, 310 — 410°, 48—857 mm. 
(404 '9°); ammonium chloride, 250 — 350°, 50 1063 mm, {337'8®j; 
tetrametliyl ammonium chloride, 190^ 233' 3°, 120 760 mm, 

(233 ’3°) ; tetramethylammonium iodide, 240 — 307°, 81—799 mm. 
(305‘5°); phosphonium iodide, 19'2— 65'7°, 50 900 mm. (62‘6°); 
phosphorus pentacliloride, 90 — 167°, 18—919 mm. (162 8°). The 
experimental data can be satisfactorily represented^ by^ the 
Kirchhoff-Rankin-Dupre formula, log p = - A / if + 5 log T + C', In 
which A, B, and C are constants. The values of the constants for 
each of the substances are recorded in the paper. H. M. D. 


The Ludwig-Soret Phenomenon. August Eileet , 
anorg. Cham., 1914, 88. 1—37).— A glass apparatus is described, ol 
20 sq cm. horizontal cross-section, for containing the liquid. The 
upper part is heated by a flat glass spiral near the surface, con- 
taining mercury and conveying a current. The lower part is cooled 
by a similar spiral of silver tube, through which cold water circu- 
lates. It is possible to keep the upper layer at a temperature con- 
stant within 0‘5° for twelve hours. The solutions are separated 
after the experiment by cautiously opening a tap in the lower part 

of the apparatus. j- . 

The apparatus ensures the presence of a narrow zone quite im 
from convection currents. About eighteen hours are required for 
the system to reach the stationary state. The ratio of coiiceiitra 
tions in the upper and lower zones, c./c„, is then detcrimnecl b) 
analysis. Eouilibriuiu may also be reached from the oilier side 
by using two solutions, the initial ratio of concentrations teirig 
greater than the ratio to be expected. Diffusion then P“ 

from the colder to the hotter region. These ^"0 S 

employed in each experiment, the equilibrium thus being react 

from both sides. , , i- 

For solutions of sodium, potassium, and stioutium chi . 
acetic acid, and sucrose in water, and of bcnzil m “ 

lithium chloride in acetone, the ratio is water 

the concentration, whilst for solutions of lithium chloride 
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3 „d of acetic acid in wtrobenienc it is nearly independent of the 
concentration, and for hydrochloric acid it increases with diminish- 
ing concentration. In th© casa of the chlorides examined, the ratio 
increases with the molecular weight of the solute. Increasing the 
difference of temperature between the two layers increases the ratio 
„f concentrations for solutions of acetic; acid or sucrose in water 
diminishes it for solutions of acetic acid in nitrobenzene, and is 
almost without influence for solutions of lithium chloride in water 
The explanatiom of the Ludwig-Soret phenomenon given bv 
van’t Hoff (A., 1888, 778),is thus incorrect The results my be 
qualitatively explained, but only for concentrated solutions by 
Tamniann’s hypothesis of the internal pressure. C. H. D ^ 

Counter Diffusion in Aqueous Solution, -WimAM Alexaudkh 
Osborne and IjIlus Charlottb Jackson {Bioch^m /, 19 U 8 
246-249).— The authors have found that if there are ’two solu- 
tions, one vertically placed above the other in a tall cylinder and 
in contact over a relatively small surface, and if both contain 
T/lO-sodium chlonde, and the lower of them contains in addition 
arnraottium sulphate, dextrose, or some other substance, then, after 
some days^ diffusion, the concentration of sodium chloride in the 
upper fluid is ^ter than it is in the lower. No satisfactory 
explanation of these results is offered. H. W B ^ 

The Eelation between Ionic Mobility and Ionic Volume 
RiCHiiiD Loeenz (Aof/ctd, ZtUtch., 1914, 14, 322)— A claim for 
priority against Mines (compare this vol., ii, 418) in respect of 
he view that the abnormally high mobility of the hydrogen and 
lydtoxyl ions may be due to interaction between the ions and the 
solvent water molecules (compare A., 1913, ii, 281). H. M. D. 

Processes Operative in Solutions. ZXIX. Disturbance of 
;be Equilibrium in Solutions by “Strong” and “Weak” 
nterfering Agents. H. E. Aemsthoko and E. E. Walkek (Pne. 
ley ^oc., 1914, A, 90, 376—393. Compare A., 1913, ii, 368).— 
further experiments have been made in which the change in the 
Otatcry power of Imvulose on the addition of foreign substances 
las been mvestiga^. On the assumption that the change in rota- 
U)U is due to an alteration in the proportion of the o- and fl-forms 
he results obtained indicate that monohydric alcohols and most 
leak solutes (hormones) favour the formation of o-lmvulose, whilst 

a horl' “ substances 

anhormones) are favourable to the formation of E-hevulose. 

which are produced by interfering 
iechan;™i t®. distinguish between ( 1 ) a purely 

oinoleves effect, which causes dissociation of the water 

ivdnL. molecules of the solute, and of tlie 

iich is opposite character, 

f the adf . tff® attractive powers or residual affinities 

tat promotes association. It is claimed 

‘“.J^t-ified by the explanation which it affords 
wterference effects in general. HMD 

''OL.ovi.ii. 43 - • 
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Rhythmic Cryetallieation. Liesegang’s Rings and Related 
Phenomena. 1X1. Ernst Kt^sTRB {Kolloid, ZeiUck., 1914 1 ? 
307 — 319. Compare A., 1913, ii, 893).— A detailed description ' 
given of the microscopic structures which are obtained when a small 
quantity of an aqueous solution is allowed to evaporate in couta 
with a layer of solidified gelatin solution. The structure variL 
markedly with the nature of the dissolved substance, as may u 
seen by comparison of the microphotographs obtained with i)ln 
tions of trisodium phosphate, copper sulphate, ferrous sulphate 
ammonium sulphate, and potassium ferrocyanide. On the one 
hand, the microphotographs afford evidence of simple riug-forma- 
tion, similar to that exhibited by the precipitation layers in the 
interaction of silver nitrate with a solidified layer of gelatin con. 
taining small quantities . of potassium chromate, whilst others 
exhibit a net-like or grating structure. In the author’s opinion 
the cause of the formation of the structures is the same, although 
specific influences come into play in the different cases. Although 
the development of the micrp-structure is facilitated in presence 
of a gelatin or other gel, it is improbable that the gel plays a 
fundamental role 'in the phenomenon. H. M. D. 

Ring Formation and Crystal Structure. P, Gboth {Btr. 
1914, 47, 2063 — 2067). — ^Although the results of recent experiments 
with Rontgen rays have clearly proved that molecules do not exist 
in crystals, yet it is evident from the frequent occurrence of close 
morph otropic relationships between chemically related substances 
especially in the case of benzenoid compounds, that some of the 
interatomic linkings of the molecule must persist in the crystal 
In view of the special role apparently played by the ring system 
of benzene, an inquiry has been started to ascertain whether 
aliphatic ring compounds, such as anhydrides and imides of dibasic 
acids, will behave similarly. 

It is found that there is a close structural resemblance between 
crystals of the anhydrides of succinic and maleic acids, whereas the 
acids themselves show no such relationship. There is also a close 
similarity revealed, when their topic parameters are calculated) 
between the imides of succinic and ceVs-dimethylsuccinic acids. 

E. H. R. 

Manipulation of the Immersion Ultramicroscope. B. 
Zsigmondy and W. Bachmann (Kolloid. Ztit^ch., 1914, 14, 281—295). 
— A new form of ultramicroscope is described in which the 
immersion objectives of both the illuminating and observing systems 
are of large aperture. In comparison with the slit ultramicroscope, 
the new instrument affords a much greater intensity of illumina' 
tion and facilitates appreciably the investigation of the ultramicrm 
scopic particles of hydrosols. The method of setting up the 
apparatus and the manipulation involved in ultramicroscopic 
observations are described in detail. H. M. D. 

A Modification of the Ultra-filtration Apparatus. P- 
Kibschbaum [Biochenu 1914, 64, 495—498). — The apparatus, 
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ffliich is illustrated by figures, is essentially a modification of 
Elfer’s, and consists of a metal bell-jar screwed on to a metal under- 
part supported on a tnpod which bears the sieve support for the 
filter. This is made of silver, as is also a hollow cylinder which 
is placed in the upper -bell-jar and fixes on to the sieve. Into this 
the liquid to be filtered is brought, and it is the most essential 
modification of tiie apparatus. S. B. S. 


[The Preparation of CoUoidal Solutions by Electric Dis- 
integration]. Kichabd Lomjiz {Zeiudt. pkyiikal Clum., 1914, 88 
22 . Compare Zavriev, this vol., ii, 444).— It is shown that Bredig 
(A., 1900, ii, 278) had previously prepared colloidal solutions of 
cadmium and zinc by electric disintegration. His method, how- 
ever, differs essentially from that of Zavriev (loc, cit,) in many 
particulars. 

Behaviour of Gels towards Liquids and the Vapours 
Thereof. II. L. K. Wolff and E. H. BOcbner (Proa. K. AM. 
JfeienscA. Amitrdam, 1914, 17, 92 — 101, Compare A,, 1913, ii] 
568).— According to von Schroeder (A., 1903, ii, 721),’ a gelatin 
plate which has taken up the maximum quantity of water in con- 
tact with the liquid, loses water when introduced into a space 
saturated with water vapour at the same temperature. Although 
the authors’ earlier experimente (loc. cit.) seemed to confirm this 
observation, further experiments by an improved method, in which 
the swollen gelatin plate was exposed to the influence of a current 
of air saturated with water vapour at the temperature of swell- 
ing, show that the weight of the gelatin plate remains unchanged 
Under the conditions of the previous statical method of experi- 
mentation, It . has been shown that pure liquid water loses weight 
by evaporation, and although the static method has been modified 
so as to eliminate to a large extent the errors which are incidental 
to this method, it is much inferior to the dynamic method of 
observation. The results obtained with gelatin have been con- 
lirmed by experiments with agar-agar and with celloidin swollen 
m ethyl alcohol. 

It would seem that the vapour pressure of gelatin which has 
^ken up a relatively small amount of water is practically equal 
X) that of pure water. In consequence of the very small difference 
n vapour pressure, the absorption of water from the saturated 
mpour IS extremely slow, and a condition of equilibrium is appar- 
ently reach^ when this is not really the case. There is conse- 
Lftir ^ diMrepancy between the phenomena associated with the 
mg ot gelatin and the second law of thermodynamics, as was 
•reviously supposed. H. M. D. 


““<1 Spirals. Raphael Ed. Liese- 
Chem., 1914, 88, 1-12).-The author shows 
1 pplflf a rhythmic precipitation of silver chromate 

illn-ift P m best effected when silver nitrate is allowed to 

into potassium chromate jellies which contain definite 

43-2 
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small quantitiee of Acid and gdatoae. Tbo conmoner commercial 
varieties of gelatin contain these sub^nras m practically the 
neceasary concentration, but gelatin which has been washed \pith 
water must have the necessary quantity of acid, either citric acid 
or nitric acid, added to it, and hard gelatin must he mixed with 
gelatose for the purpose of showing the formaUo;n of rings. The 
presence of a large hydrogen-ion concentration m nch chromate 
mllies causes the rings to be formed at greater ^stances from one 
another, the reason for this being the increa^ solubility of the 
silver chromate. Small disturbances cause the precipitation to 
occur in spirals instead of concentric rings, and often portiona of 
a apiral are formed in isolated positions, which Uter join up with 
the main system. %6 Ostwald supersaturation theory {Ztiud 
physikal Chem., 18^ 23 , 365) can be appUed to the formation 
of spirals in the same way as in the case of the formation of rings, 

Structure of Silicic Acid Gels. John S. Anderson 
physikal. Chem., 1914, 88, 19 I- 228 ).-A quantity of silicic acid gel 
was prepared and dried until the weight was constant by keep- 
ing over concentrated sulphuric acid. It was found that it con- 
tained 5*5% of water, which was not removable at the ordinary 
temperature. The dried gel was then placed in contact with the 
vapour from sulphuric acid-water mixtures in an exhausted 
apparatus, and in each case the increase in weight noted. The 
reverse process was then carried out; the gel, saturated with water, 
was placed in contact with sulphuric acid of increasing concen- 
tration up to pure sulphuric acid, and in each case the weight 
determined. In this way a series of values of the amount of water 
absorbed or given up at different vapour pressures was obtained. 
Curves were plotted, and it is shown that the absorption and ^y- 
ing curves do not coincide over their whole length, there being 
a decided hysteresis shown in the sen^ that water is given up a1 
lower pressures than those at which it is absorbed. In this waj 
measurements were obtained oyer the pressure range for thewatei 
vapour of 12*7— 0 mm. Similar experiments were made witl 
alcohol and benzene. In the case of alcohol, mixtures of alcohol 
and glycerol were employed to obtain alcohol vapour pressure 
from 32'6— 0*0 mm., and in the case of benzene, mixtures or 
benzene and paraffin oil gave benzene vapour pressures rrom 
60 — 0 mm. Curves of exactly the same type were obtained as w 
the case of water. The water experiments were repeated by tee 
van Bemmelen method (A., 1908, U, 838; 1909, ii, 234), w ic 
consisted in hydrating and dehydrating the gels in a desicca r i 
the presence of air. Curves of almost the same type were 
except that by this method the curve in the region where hy r 
is shown is horizontal. This is not the case in the absence o i 
and points to the fact that the gel is made up of pores of varyiBj 
sizes, which are largest at the point where hysteresis begins 
smallest where it ceases on the dehydrating curve. From , , 
ments of the lowering of the vapour pressure of water, a i 



GENERAL AND PHYSICAL CHEMISTRY. 


ii. 633 


and beiuen^ ia the gel, the values of the diameter of the pores 
„e calcula^d t6 tto following figures; (a) largest diameter, 
5'49/i/i, and 6 98^/i; (6) smallest diameters, 2*75 uu, 

2 42 lift, and 2-70 it/x m the three cases respectively. The dimen- 
aions of these valuM are in agreement with those obtained by 
Zsigmondy from other properties of the gel (A., 1911, ii, 880). 
The specific gravities of the gel substance (SiOg), the dried gel 
and the gel saturated with water have also been obtained, and 
found to be 2*048, 0’980, and 1*600 respectively. The velocity at 
which the thw substances water, alcohol, and benzene are 
absorbed and given up by the gel were determined and compared. 
Very similar curves are obtained for all three cases. It is shown 
that the absorption and expulsion of liqi^j^om gels, as well as 
the turbid appearance at certain 8teges,T|Pto be explained by 
capillary phenomena, and that there is no" evidence of hydrate 
formation. J. S, 


Swelling of Vulcanised Caoutchouc. F. Kibchhof {Kolloidchm. 

Beih., 1914, 6, 1-— 22. Compare Posnjat, A., 1912, ii, 912). The 

swelling of plantation Para-caoutchonc has been examined by 
measuring the incr^se in weight of thin disks of the material 
after immersion in benzene, carbon tetrachloride, carbon 
disulphide, and benzene (D 0*74) for measured intervals of time. 

The results show that the maximum swelling of the caoutchouc 
decreases g.3 the extent of the vulcanisation increases. The maxi- 
mum swelling was attained after twenty-four hours. The specific 
influence of the various liquids runs parallel with the solvent 
capacity for caoutchouc. ■ The rate at which swelling takes place 
is approximately in agreement with the equation for a unimole- 
cular change. The swelling velocity increases with rise of tempera- 
ture, but^the temperature-coefficient is very small (1*1). The rela- 
tion between the extensibility and the vulcanisation-coefficient is 
similar to that existing between the swelling capacity and the 
degr^ of vulcanisation. Although the swelling is in part due to 
capillary absorption, the observed increase in weight is mainly due 
to solution of the solvent in the caoutchouc. 

Some experiment® were also made on the swelling of the caout- 
chouc disks m the vapours of the boiling liquids. This effect is 
ve^ much smaller, and is practically independent of the degree of 
vulcanisation. TT M n 


Dynamic iMmeriam. H. E. AEUSTBONa, T. M. Lowky, Sydney 
i Mi 0. Fobsteb (]^ep. BrU. 

1914, 141— 143).— A report on work published during 1913 

C. H. D. 

Diagram of Water.] G. Tammann (Zeifick. 
254i_p 87 — 62. Compare Bridgman, this vol., ii, 

answer to Bridgman’s criticism (loc. cU,) of 
ors paper (A., 1913, ii, 935), in which the existence of 
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two forms of ice II is described. The author has repeated v 
experiments, with results which confirm the original work. 

i*. S. 

Equilibria in Ternary SystemB. XV. F. A. H. Scheeikf 
MAKERS (Proe, K, Akad, Wetensch, Amsterdam^ 19U, 17, 70-^5 
Compare this voL, ii, 548 ). — A further examination of types of 
equilibrium in ternary systems, the assumption being nude that 
the vapour contains only one or two of the three components 

H- M. D. 

Equilibrium Distribution of Certain Neutral Narcotics, 
Alfred Doehbr 1914, i, 1463—1454; from SUz- 

ungsber, Heidelberger^lMid, Wiss., 1914, [B], 1 — 12). — According to 
Warburg, it may be assumed that the concentrations of different 
narcotics of differing external concentration” are the same or 
similar at the affect^ point in the cell when a similar action is 
produced. The author’s investigations on the equilibrium distri- 
bution of acetone, heptyl alcohol, and octyl alcohol, using intact 
“ vogelerythrocytes ” and their stomata, lead to the following con- 
clusions : The stomata, after being freed from fat, are able to (ix 
considerable quantities of narcotics, the amount being greater for 
the more powerful narcotics than for the weaker ones. The 
stomata which have not been treated with alcohol and ether fix 
considerably more octyl alcohol than the extracted sutstance, 
The difference may either be attributed to the fixative power of 
the fatty constituents of the stomata as compared with that of 
the nucleohi stone, or to a possible alteration of the latter by treat- 
ment with alcohol and ether in such a manner that it can fix 
less of the alcohol. The fixation of narcotics by the stomata is not 
a chemical process, and the equilibria measured are more closely 
allied to adsorption than to distribution equilibria, *H. ^V, 

Conditions of Formation and Existence in Equilibrium 
with Solutions of Basic, Acid and Complex Salta. E. I. 
ScnpiTALSKi (/, Kuss. Phys. Chtm, Soe., 1914, 46, 566 — 576).— The 
author applies the considerations previously discussed (A,, 190J, 
i, 695) to the investigation of complex equilibria in solutions, with 
special reference to chromates. 

From the facts known concerning the dependency of the com- 
position of a precipitated salt on the degree of acidity of the solu- 
tion, the conclusion is drawn that, for each salt, there exist two 
definite concentrations of acid between which the given salt may 
exist in the solid state in equilibrium with the solution, The con- 
version of a basic salt into a normal one, or the latter into an aad 
one, may be regarded as a reversible reaction of combination with 
a molecule of acid, + A ^ From this it follows that, for 
saturation of the solution simultaneously with the two salts, -ji 
and Ml, there should exist the relation S = = 

constancy of S is related to the non-dissociat^ molecules of acid, 
and S will correspond with the hydrolytic tension of the mutiu 
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transformation of the sal^ the Bimnltaneous existence of which is 
possihlo only for the particular magnitude of For any solution 
^turated with respect to two hydrolysable salts, capable of inter- 
conversion, the concentration of the non-dissociated acid depends 
only on the temperature. It is shown, further, that the possibility 
of formation of each salt is defined by two quite definite magni- 
tudes, termed “ stabihty products,” characteristic of the particular 
salt. T. H, P. 

Equilibria of Seduction of Oxides by Carbon. E. E. Slade 
and G. I HiGSOK {Rep, Brit. A$soe., 1913, 450— 451).— The equilibrium 
pressures have been determined when certain oxides are heated 
with carbon, the free metal being present in excess. With three 
components, M, C, and 0, there are four pKases, CO, M, MO, and 
either C or MgC (M being two equivalents of the metal). Equili- 
brium is reached from both sides. The. following valug^are 
obtained : W 



... i;^40^ 

1*6 mm. 

Tantalum 

... 1270 


1293 



... 1339 

Q.O 

Tin..’ 

... 760 

9 Z jy 

Tin, in presenoe of silica 

... 753 

> lOU yy 

670 „ 


C. H. D. 


Equilibrium in the System Arsenic Tribromide and Naph- 
thalene. N. A. PoscHiN and J. P. Krtger {J, Rnss. Fkye. CUm. Soc., 
1914, 46, 559— 565).— Thermal analysis of the system arsenic tri- 
bromide-nap bthalene shows that these components form a definite 
yellow compound, CioHg,2AsBr3, m. p. 19*8o. There are. two 
eutectic points: (1) one at 17-2o occurring in the stable region and 
corresponding with 19-5 mol. % CnjHgj (2) the other in the unstable 
region at 10°, corresponding with 27 mol. % A transition 

point occurs at 19 ‘8®, the corresponding composition being 33 mol. % 
CjoHg. On reciprocal dissolution the two components retain their 
normal molecular weights. T E P 

Freezing-point Curves of Volatile Systems. Georges Baumb 
206—215. Compare A., 1912, ii, 329, 
1039).— General observations in reference to the author’s inveati- 
ption of the freezing-point curves of a large number of volatile 
binary systems. HMD 


Quantitative Investigation of Volatile Systems. Freezing- 
point Cu^e of the System Sulphur Dioxide-Water. Georges 
Tykociner (/. Chim. Phys,, 1914, 12, 
1 * , Sulphur dioxide and water are only partly miscible at 
region covered by the two-liquid system 
% of sulphur dioxide. The data 
oDWined for systems containing less than 11 mols. % of sulphur 
■ e agree with those recorded by Roozeboom {Sec, trav. ehim., 
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1884, 3 , 44; A,, 1886, 117). Tlie eutectic at which ice and iu 
compound S 02 , 7 H 20 coexist in equilibrium lies at about 
freezing-point curve of this compound is intercepted at -{- l 2 io^K 
the straight line which corresponds with one of the above-menti ^ 
liquid phases. The freezing temperatirre of the second liqidd ' 
“74°, and the corresponding straight line on the diagram inf 
cepts the curve for sulphur dioxide (m. p, -72-3°) at about ^17 
% of sulphur dioxide. ° 

Some observations relating to the systems HCl + HgO, NH +00 
are also included in the paper. H. l|. d 

Quantitative Investigation of Volatile SyStetns. Freezin 
point Curves for the Systems formed^y Hydrogen Chlorif 
and Methyl Alcohol with Methyl Chloride and by Methvi 
Alcohol with Water. Georges Baoiie and Waclaw BoeowJ 
(^: 1914, 12 , 276-281).-“The freezing-point daU Ir 

mi^H^ of methyl alcohol and wakr correspond with the intfir- 
secti^ of two curves at -139° and about 67 mols. % of metht} 
alcohol. Mixtures which contain from 55 to 75 mols, % of metbl 
alcohol yield non-crystalline glasses on cooling. The previous 
results obtained by Pickering for mixtures contaitiing 0—50 mols. 
% of alcohol are in agreement with the authors’ data. 

Hydrogen chloride and methyl chloride also afiord the simplest 
possible thermal diagram. The eutectic lies at - 161° and 27-3 mols. 
% of methyl chloride. 

Methyl alcohol and methyl chloride behave in exactly the same 
way, the eutectic temperature being - 112 °, and the composition 
corresponding with 24-2 mols. % of methyl chloride, H. M. D. 

The System CaSiOg-MnSiOg. St. Kallenbebg (Centr. i/m., 
1914, 388— 394).-“The freezing-point curve for mixtures of calcium 
and manganese silicate is continuous, and shows a minimum at 
1150° for a mixture containing 10 mols. % of calcium silicate. 
Within the limits of experimental error the results are in agree- 
ment with those obtained by Ginsberg (A., 1908, ii, 842). Since 
artificial wollastonite is either hexagonal Or monoclinic, wliilst 
rhodonite is triclinic, it is probable that the mixed crystals form 
an tsodimorphous series^ 

^ Although the crystalline form of synthetic rhodonite is very 
similar to that of the naturally occurring rhodonites, it differs 
from the minerals in the positive character of its double refraction. 
Synthetic rhodonites containing iron and magnesium silicate are 
optically similar to the pure manganese silicate, but in pr^euce of 
5% of calcium silicate the positive double refraction changes to 
negative. Since the natural rhodonites generally contain calcium 
silicate in greater proportion than this, the apparent discrepancy 
in the optical behaviour of synthetic rhodonite and the minerals 
is readily explained. H. M. D. 

Mixed Crystals in the Ternary Systems Formed by 
Strontium Chloride, Barium Chloride, and Sodium Chloride or 
Potassium Chloride. Erhard Yobtisch (Jahrh. Min. 

1914, 38 , 185 — 272). — The equilibrium relarions in the binary and 



GENERAL AND PHYSICAL CHEMISTRY. 


ii. 637 


ternary systems have been determined by freezing-point measure- 
ments combined with the investigation of the microscopic structure 
of the products of crystallisation. 

Strontium Chloride and barium chloride form a complete series 
qI regular mixed crystals, which on cooling are transform^ 
jjito monocUnic (a) cjrystals. These two series correspond with the 
a- and ^forms oi barium chloride, which co-exist in equilibrium at 
922°. The freezing-point curve shows a minimum at 847°, at 
which point 30 mols. % of barium chloride are present. 

Sodium chloride and strontium chloride are immiscible, and the 
two freezing-point curves meet at 565° and the composition 60 mols. 
% of strontium chloride. Sodium chloride and barium chloride 
behave similarly, the eutectic in this case being at 654° and 40 mols. 
% of barium chloride. 

^ The corresponding ternary system is characterised on the space 
model by means of which the experimental data are summarised, 
by the existence of three surfaces of saturation, the solid phases 
corresponding with which are sodium chloride, o-mixed crystals, and 
jS-mixed crystals of strontium and barium chloride respectively. 

Potassium chloride combines with strontium chloride to form the 
compounds 2 KCl,SrCl 2 , melting at 697°, and KCl,2SrCl2, melting 
at 638°. With barium chloride it forma the compound 2KCl,BaCl^, 
melting at 660°. The compounds 2KCl,SrCl2 and 2KCI,BaCl2 are 
isomorphous, and rhombic crystals containing both compounds 
separate out from certain fused ternary mixtures. Mixed crystals 
of the type KCl, 2 (SrBa)Gl 2 . are also formed. 

By reason of the fact that this system gives rise to four series 
of mixed crystals, the equilibrium relations are much more com- 
plicated than those exhibited by the ternary system, in which the 
potassium chloride is replaced by sodium chloride. The spacial 
model showing the equilibrium relations is characterised by five 
surfaces which determine the conditions under which crystallisation 
of a{SrBa)Cl 2 , /3(SrBa)Cl2, KCl, 2 (SrBa)Cl 2 , 2 KCI,(SrBa)Cl 2 , and 
KCl occur. JFot a detailed account of the relationships between the 
various systems the original must be consulted. H. M. D. 

Natural Pats Arom the Point of View of the Phase Rule. III. 
The Ternary System ; Tristearin-Stearic Aoid-Palmitic Acid. 
Robert Kbemann and Eichabd Kropsch {Mon-fitsh., 1914, 35, 
561-580. Compare A., 1912, ii, 1152; 1913, ii, 922).— Of the 
three binary systems mating up the above-mentioned ternary 
system, one, that between tristearin-palmitic acid, has been investi- 
gated by de Visser (A., 1898, i, 560) and Carlinfanti and Levi- 
Malvano (A., 1910, i, 5). The fusion curves for the remaining 
binary systems are determined in the present work. The system 
tristearin-stearic acid is simple, and possesses a single eutectic point 
at 54° for the mixture 90% trietearin, 10% stearic acid. The system 
tristearin-palmitic arid gives a fusion curve which rises rapidly 
from tristearin and passes through a flat maximum at 7% palmitic 
acid, and at 16% palmitic acid has a eutectic point at 63° (not 
sharp); th6n passes along a very flat maximum to a second eutet^tic 
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point at 50% palmitic acid at 55®, and then risee linearly to th^ 
melting point of palmitic add, A series of other fusion curves are 
then determined for ternary mixtures, taking a wries of constaat 
ratios of two constituents, and varying the third; in this 
some fourteen series are determined, tables and curves are give^ 
for each of these, and the separate curves are combined in ^ 
triaxial diagram to give the ternary system. From these results it 
follows that of the hard fats, »>., those which are free from oleic 
add and triolein, those which correspond with the system tri- 
stearin-palmitic acid, and particularly those with a small palmitic 
acid content, will have the highest melting points. J, p. g 

Velocity of Absorption of Hydrogen and Oxygen by 
Solutions of Metallic Salts. John Eggebt {Zeitsch. EkUrot^m.^ 
1914, 20, 370— 381).— The velocity of absorption of hydrogen and 
oxygen by reducible and oxidisable salt solutions respectively has 
been determined at 17°. It is shown that the reduction and oxida- 
tion of ter- and bi-valent iron by hydrogen and oxygen took place 
with ite maximum velocity when the platinum which served as 
stirrer and catalyst was brought into contact with the gaseous 
atmosphere above the solution. It is shown that the maximum 
velocity is proportional to the surface of the platinum and tie 
time during which it is in contact with the gas space, but is inde- 
pendent of the number of times per minute it is raised into the gaa 
space and lowered into the liquid. The initial velocity of absorp- 
tion, under uniform conditions, is constant and independent of the 
nature of the dissolved metal salt; as the reaction approaches com- 
pletion a decrease in velocity of absorption occurs, which is gener- 
ally exponential. The meaning of this phenomenon k explained 
on the basis of a separation of the process into a velocity of occlu- 
sion and a velocity of “ activation ” of the occluded gas towards the 
solution. The beginning of the process ap^ars to be governed by 
occlusion, that is, by the nature of the platinum, whilst at the end 
of the process the different powers of “ activation ” of the various 
metals make themselves noticeable. The velocity of occlusion has a 
temperaturenjoefficient of 1'8 — 3’3%, and is independent 
concentration. A decrease in the absorption is to be noticed, vfnm 
runs parallel with the increased viscosity of the solution. The 
effects are also not independent of the nature of the anms and 
the hydrion concentration. Solutions of Fe™, Ti j 

Mo^, and p-benzoquinone are reversibly reduced^ by hydrogen and 
reoxidised by oxygen. The velocity of autoxidation of solutions m 
alkali, to which quantities of tartrate have been added, increases 
in the order V™, Mo™, Co^, Sn“ Fe^, and Mn^. J. F, S. 

Kinetics of Chemical Reactions. IX. E. I Orlov (J. 
Phyff, Chm. Soe., 19U, 46, 535— 569).— In the oxidation of hypo- 
phosphorous acid by means of iodine, the value of the veloci y 
constant, calculated on the assumption iAat the ruction is one oi 
the first order, continually increase with the time; the 
value of the constant is, however, approximately piopoTtiona 
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directly to tho concentration of tlie sodium hypophosphite, and 
inversely to that of th-e iodine. The results have therefore been 
calculated according to the equation dxldt = k{A-x){B-^x). If 
the concentration of by^phosphite remains constant, increase of 
the concentration of iodine is accompanied by increase of B and 
decrease of k, but is not proportional to 5. A similar result has 
obtained in other instances where the above equation is 

applicable. ^ 

When the quantity of iodine used is larger than is required for 
oxidation of the hypophosphorous to phosphoric acid, the early 
observations are in agreement with a reaction of the first order, 
whereas later the value of the constjant begins to fall, and the 
formula dxjdt=k{A —mk) becomes applicable. These results are 
discussed in relation to tho equation 

dx jdt = kii^A k 2 x(A — a;) — k^x(A — a;), 

previously deduced by the author (A., 1913, ii, 681). 

The results obtained cannot be explained according to the 
formula OlPHg’OH, for hypophosphorous acid, which initially 
unites with the iodine. It is therefore assumed that in acid 
solution the above form exists in equilibrium with OH*PH'OH, 
the latter not being found in alkaline solution, in which oxidation 
by iodine does not take place. The course of the reaction is 
explained on the assumption that the complex HIg or l 2 ,HI under- 


goes partial dissociation in an aqueous medium into 



and H'. 

Unlike hypophosphorous acid, phosphorous acid is only slowly 
oxidised by iodine, and the reaction does not proceed to an end. 
The numerical results show that the oxidation takes place, accord- 
ing to the equation dxldt~k(A — kx) — k^x or 
dx jdt = k{A — mx). 

The magnitude of k-^ depends on the concentrations of the phos- 
phorous acid and of the iodine, but that of k is approximately 
constant. Here, too, the author assumes the existence of molecules 
of the two structures 01 PH( 0 H )2 and P(OH) 3 , only the latter 
undergoing oxidation by means of iodine into phosphoric acid. 

Investigation of the reduction of sulphurous acid to sulphur by 
hypophosphorous acid shows that the separation of sulphur occurs 
only after the lapse of some time, and that if an aqueous solution 
of saf ranine or indigotindisulphonic acid is added to a solution of 
hypophosphorous and sulphurous acids containing sulphuric acid, 
the liquid becomes decolorised appreciably earlier than the sulphur 
is deposited. The conclusion is therefore drawn that this reduc- 
tion of sulphurous acid takes place by way of intermediate products, 
such as hyposulpburous acid, to which is due the decolorisation 
of the safranine or indigotindisulphonic acid. The formation of 
sulphur requires the accumulation of a certain quantity of hypo- 
sulphurous acid, which in an acid medium undergoes change accord- 
ing to the equation this being followed 

Tapidly by HgSO’—HgO-i-S. Calculation of the velocities of the 
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reduction by meauB of the formula Ak—xjtiA’^x) $hows that aft# 
the lapse of a certain time, and eubsequeut to the initial precir,*^ 
tation of sulphur, the magnitude of Ak remains constant, 
amount of sulphurous acid which disappears during the early gtaB^ 
of the reaction is ^eater than that c^culat^ for a reaction of 
second order. It is supposed that the principal change, 

H3PO2+ H2S0s-:H 8P08+ HgSOsi, 
is at first accompanied by the formation of a product of combina. 
tion of the two acids^ 0*PH2*0H+HS02*0H — OH*S02’PH2{OH] 
this compound existing in solution for some time, and then decora- 
posing into its original constituents. Of the three reactions 
HgPOg + H2SO3 = HsPOg + HgSOg, 2H2SOa- H2SO + H^SOg, and 
H2S0i=H20 + 8, it is the first which determiuM the second order 
of the reaction, the other two occurring very rapidly. 

The reduction of saf ranine in a solution of sulphurous and hypo- 
phosphorous acids takes place according to the equation 
doBjdfi— k(A — + ^)) 

and that of indigotindis^phonic acid according to 
dx/dt^k^A +a:)(5 + «). 

T. H. P. 


The Velocity of Solution of Zinc-Blende and Galena in 
Dilute Sulphurio Acid. Pelix Rosbnkbanzer {Zeitsck anot'g. Chm„ 
1914, 87, 319 — 334). — T^he crushed ores (galena from Claustal, and 
foUn varieties of blende) are sifted and graded, and treated with 
dilute sulphuric acid by shaking in a flask, after which the dis- 
solved hydrogen sulphide is estimated colorimetrically by the 
method based on the formation of methylene-blue (this vol, ii, 380). 

The experiments show that the velocity of solution is constant 
throughout an experiment, and is proportional to the concentration 
of the sulphuric acid and to the surface of the particlea. The 
concentrations employed are I'SS, 0-125, and 0-0125%. The infiu- 
ence of temperature is independent of the size of the particles, and 
is represented by an exponential function. The temperature-coeffi- 
cient is the same for blende and galena,^ although the velocities are 
very different. The difference of velocities, and the fact that rapid 
shaking is without influence on the velocity, are opposed to the 
view that the velocity of a heterogeneous reaction is merely a 
diffusion velocity. A chemical process must precede actual 
solution. 


C. H. D. 


Kinetics of the Thermal Bleaching of Colouring Matters, 
S. Vavilov {Zeitsch. physikal Ckm.^ 1914, 88, 35 — 45).— The velocity 
at which the dyes cyanine, lepidine-cyanine, quinaldine-cyanine, and 
pinaverdol are bleached by the action of heat has been investigated 
at temperatures from 60^ to 110°, and the results are comparj 
with the photochemical bleaching of the same substances 
by Lasarev (A., 1912, ii, 219, 513). The dyes were mixed w® 
collodion and poured on thin squares of glass, and subje^d to ue 
action of heat in a specially constructed thermostat. ^ They je 
investigated from time to time by means of a Komg-Merte . 
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spectropli^tpje^tflj. The blew^ing of lepidine^yanine takes place 
1 accordance with the equ^ion for a bimolecular reaction, and 
that of cyanine with the unimoleoular equation. The order of the 
reaction in the other cases could not be determined. The tempera- 
tura-coefficient of all the reactions approximate to 3, whereas that 
for the photochemical reaction is only slightly larger than unity. 
The solid, coloured products of the thermal bleaching show little 
difference optically from that of the products of the photochemical 
bleaching, and the difference can be explained by changes in the 
collodion. The gaseous products of the reaction and atmospheric 
jir are shown to influence a strong' catalytic action on the process. 
Experiments on the thermal bleaching of the dyes in the absence 
of collodion led to no positive results. J, F. 8. 

Catalysed ESster Formation in Mixed Solvents by means of 
Hydrogen Chloride* Ajiton Kailan focA . phynkal. Ckem . , 1914, 

88, 63~103).^The velocity of esterification of benioic acid, suc- 
cinic acid, tartaric acid, and malic acid has been determined in 
alcoholic hydrogen chloride, and in mixtures of alcohol-benzene, 
alcohol-ether, and alcohol-carbon tetrachloride. Experiments were 
made also in the same mixtures to which known amounts of water 
had been added. The equivalent conductivity of the hydrogen 
chloride in all the solutions used for the kinetic experiments was 
also determined. It is shown that the velocity of esterification in 
absolute alcohol is reduced by the addition of the other solvents, 
tiiost in the case of ether and least in the case of carbon tetra- 
chloride. The retarding influence of water is approximately the 
same in the alcohol-ether mixture as in the case of absolute alcohol, 
and greater in the alcohol-carbon tetrachloride mixture. The con- 
stants calculated to a constant quantity of alcohol, in the cases of 
mixtures of aqueous alcohol and the ether-absolute alcohol mix- 
ture, are smaller than those for mixtures to which a second solvent 
has not been added, but in the cases of mixtures of alcohol and 
carbon tetrachloride and those containing more than 25% benzene 
they are larger, and increase with an increasing amount of the 
second solvent. The influence of the addition of benzene to alcohol 
in the esterification of succinic, malic, and tartaric acids is similar 
to that observed in the case of benzoic acid, and the irregularities 
lie in the opposite direction to that which they should lie if the 
esterification in these cases is termolecular, that ifi, does not take 
place in steps. Just aa in absolute alcohol, so in the various 
mixtures, the esterification proceeds as a reaction of the first 
order. It is also shown that the equivalent conductivity of hydrogen 
chloride in absolute alcohol and in aqueous alcohol is reduced by 
the addition of the other three solvents. If it is assumed that the 
catalytic action of the hydrogen ion is greater than that of the 
undiesociated hydrogen chloride, then it follows that the addition 
of these other solvents to the alcohol has an accelerating influence 
on the esterification. If, however, it is assumed with Snethlage 
(A., 1912, ii, 947 ; 1913, ii, 1044) that the undissociated hydrogen 
chloride molecule is twice as active as the hydrogen ion, then it 
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follows that the addition of benzene and carbon tetrachloride i 
acts in an accelerating manner, and that only when they are pru, 
in large quantity and when only traces of water are present. ^ 
it is assumed that the concentration of the unimolecular al^tol 
is determinative of the velocity of esterification, then this woulij 
explain the accelerating influence of the other solvents, ai though 
the specific action of these solvente and that of the acid itself 
would also play some part in the acceleration. J. p g 


Catalytic Influence of Copper Oxide on the Combination of 
Oxygen and Hydrogen. Jacques Joannis {Compt. rend., 1914 
, 169 , 64 — 67. Compare this vol., ii, 260).— Pure iron wire at 300° 
does not act as a catalyst on an explosive mixture of oxygen and 
hydrogen. It becomes coated with a film of black oxide, which is 
not r^uced under the given conditions. Electrolytic copper at 
300^ or even at 200 ° is at first oxidised in the explosive mixture 
and the oxide formed acts as a catalyst for the combination of 
the oxygen and hydrogen. Copper oxide itself undergoes no reduc- 
tion, but at 300° produces practically complete combination of the 
hydrogen and oxygen. The catalytic action is, however, apparently 
largely contrJrfled by the vapour tension of the water formed, 

W. 0. 


Catalytic Actions of Colloidal Metals of the Platinum 
Group. X. The Eeductiou of the Oxides of Heavy Metals. 
C. Paal [with Wilhelm Haetmanx and Gustav BatjujEs] [Btr., IDU, 
47 , 2202 — 2216). — When a colloidal solution of cupric hydroxide 
is reduced by means of colloidal palladium, prepared according to 
Paal’s method, and hydrogen, a colloidal solution of copper is 
obtained. A similar solution results when precipitated copper 
hydroxide is used instead of the colloidal solution, in this case 
reduction and peptonisation occurring at the same time. The 
colloidal copper solution is ruby-red in transmitted light, and black 
in reflected light (compare Paal and Leuze, A., 1906, ii, 356), In 
one case where only a small quantity of colloidal palladium was 
used, colloidal cuprous oxide was obtained as an intermediate 
product. In order to increase the stability of the solutions, it is 
best to add some sodium protalbate to the reaction mixture, to 
act as a protective colloid. In a similar manner colloidal nickel 
can be obtained from a colloidal solution of nickel hydroxide, or 
from the precipitated hydroxide, but with the latter the reduction 
is not complete. The metal hydrosol is a brilliant, chestnutrbrown 
colour in transmitted light, and black in reflected light; the 
reversible gel forms blackish-brown, brittle lamelke. 

Cobaltous and lead hydroxides could not be reduced similarly 
to those of copper and nickel. 

Experiments on the reduction of solutions of ammonn^ 
chromate, metavanadate, and molybdate gave respectively 
colloidal solutions of chromic hydroxide, vanadium trihydroxide, 
and molybdenum tetrahydroxide. The first is a blackish-green, the 
second a brown, and the last a reddish-brown hydrosol j all give 
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reversible gels. Ammonium tungstate is not reduced by colloidal 
palladium and hydrogen. T. S. P. 

ijbe Quantum Theory and the Rotation-energy of Mole- 
culee. Eva von Bake {Fhil Mag., 1914, [vi], 28, 71— 83).-~The 
author discusses the application of the quantum theory to pheno- 
mena associated with the rotational energy of molecules, and shows 
that considerable support for the assumption of discontinuity in 
the distribution of the rotation-frequencies is afforded by the 
results which have been obtained in experiments on the ultra-red 
absorption of gaaee (compare A., 1913, ii, 810). These results are 
summarised with special reference to their significance for the 
quantum theory. H. M. D. 

Atomic Structure and the Spectrum of Helium. J. W. 
Nicholson {Phil. Mag., 1914, [vi], 28, 90 — 103. Compare this vol., 
ii, 325).— ‘The theory of atomic structure put forward by Bohr 
(A., 1913, ii, 689, 943, 1045) must, in the author’s opinion, stand 
or fall according to its capacity to give an account of the spectra 
of hydrogen and helium. It is ^own that the theory cannot 
explain the helium spectrum or any other series spectrum by any 
modification which retains the simpler theory of hydrogen and the 
Pickering series, if it is assumed that forces act between bound 
electrons. The assumption that such forces do not exist is also 
shown to lead to conclusions which are incompatible with the helium 
spectrum. From these results the author infers that Bohr’s theory 
cannot be developed in the manner which its earlier success in the 
interpretation of spectra appeared to foreshadow. It is to be 
admitted, however, that the connexion between the Rydberg 
constant and Planck’s constant is so close that it is difficult to 
believe that this connexion is not real. Such reality does not, 
however, involve a corresponding reality in the process by which 
the form of the hydrogen spectrum is derived on the basis of Bohr’s 
theory. H. M. D. 

Presidential Address to Section B (Chemistry). W. P. 
Wynne [Rep. Brit. Asaoc., 1913, 408 — 424). — A review of the follow- 
ing subjects: residual valency; substitution in the paraffin series; 
the structure of the benzene molecule; subetitution in the benzene 
series; symmetric and asymmetric syntheses. C, H. D. 

Quantity of Residual Valencies Possessed by Various Mole- 
3ulea. A. P. Mathews {J. Physical Chem., 1914, 18, 474—487).— 
A theoretical paper in which the amount of residual valency of a 
number of non-associate d liquids and gases has been calculated 
by subtracting the number of valencies known to be acting in the 
molecule from the calculated total number of valencies. The differ- 
ence between the two values is regarded as the r^idual valency. 
Ihe tetal number of valencies is calculated from the molecular 
cohesion by means of the formula a~C(M x in which a is 
the van der Waals factor, G a constant which is calculated to 
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3’2016 X 10"®^ expressed in dynes from Millikan's new detertaij. 
tion of the number molecules in a gram-molecule, M the 
cular weight, and N the total number of valencies. The value 
was obtained from the formula 

which S is the critical coefficient, and V„ the critical pressut^ 
and volume respectively (compare A., 1913, ii, 674). The coueta^ 
0 for a pair of molecules was assumed to be equal to (m^jvs 
which m is the gravitational mass of a molecule of unit molecular 
weight, and k the gravitational constant. The assumption is 
that at a given moment only a small percentage of the molecules 
are exhibiting residual valencies, so that the figures calculated 
really give mean values. The numbers obtained vary between 019o 
for hydrogen and 9 08 for n-octane. " J. P. g. 

The Solidifloation of Metals from the Liquid State. Chjil 
H. Desch {J. Inst, Metals, 1914, 11, 57 — 118).— A report aad 
summary under the following heads; the cellular structure of 
metals; crystallisation from centres and the formation of crysUt 
lites; foam-etruotures and Quincke's hypothesis; cellular structures 
in cooling liquids; liquid crystals; the influence of surface tension; 
undercooling and the existence of a metastable limit; changes of 
volume on solidification; the thrust exerted by growing crystals. 

C. H. D. 


The Influence of Tima in the Bapid Deformations of Metals. 
Georges Chabfy and Asdr^ Oobnu [Compt. rend., 1914, 158, 
1969— 1973).— By varying the height of fall of the weight pro- 
ducing deformation in metal bars by shock, from 6 metres to 
I metre, a variation in the time of deformation from O' 001 to O'Ol 
of a second has been obtained. This variation produces practically 
no difference on the work absorbed by rupture of the bar as 
measured by its resilience. Grooved bars were used, and care Tsras 
taken in their preparation to ensure that the reenlts obtained in 
the experiments came between two well-defined limits, which did 
not differ much from one another. W. G. 


Simple Extraction Apparatus. Michael Fbeond (Chem. M., 
1914, 38, 802). — The apparatus consists of a small, widemouthed 
bottle closed with a cork, through which pass a tube connected witt 
a reflux apparatus and a siphon tube; the former tube is provided 
with a side-tube, and thw and the outer end of the siphon are bent 
downwards, and pass through a cork closing a flask containing tne 
solvent. The material to be extracted is placed in the bottle, and 
the condensed solvent from the reflux apparatus falls through the 
material; when the bottle is full of solvent the siphon comes into 
operation, and the solution is returned to tbe solvent flask. 

W. P- b 


Simple Pat Extractor. G. A. Stokes (Anahjst, 1914, 39, 294 
—The substance to be extracted is placed a paper thnc ’ 
covered with a layer of cotton-wool, and the thimble is then mse 
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Ja the flask containing the solvent by means of a wire, the lower 
part of which is bent into the form of a spiral so as to fit tightly 
the thimble, upper part o-f the wire passes through the 
cork closing the flask, and the latter is attached directly to a reflux 
apparatus. At the commencement of the extraction the lower part 
of the thimble is immersed in the boiling solvent, but after a time 
jt is raised by means of the wire and the extraction continued. 

W. P. S. 

Apparatus for the Extraction of Powdery Material. Ernst 
BoBi^BUANN ({7A«wi. Zeit.j 1914, 38, 833. Compare A., 1913, ii, 855). 

central tube made fro^m porous material is placed down the 
centre of the thimble holding the substance to be extracted and 
contained in a Soxhlet apparatus; the lower end of the tube passes 
through the bottom of the thimble, and extends into the stem of 
the apparatus; the latter is not provided with a siphon. The top 
of the tube is plugged with cotton-wool, and the condensed solvent 
from the reflux apparatus is distributed over the thimble by means 
of a perforated glass bulb and ring fitted above the central tube. 

W. P. S* 

Modification of Golodetz's Rectifying Apparatus for 
Mixtures of Low Boiling Point. W. Neubekgeb IChm. Zeii 
1914, 38, 823. Compare A., 1912, ii, 626).— A reflux apparatus is' 
provided above the side-tube of the jacket surrounding the still- 
head of the apparatus; the condensed liquid passes back through 
the still-head into the flask, while the lees volatile vapours escape 
into the condenser. -p g 

Non uniformity of Drying Oven Temperatures. Lorin H. 
Bailey (/. Ind. Bng. Chem,^ 1914, 6, 585). — Thermometric readings 
of the temperatures at different parts of various drying ovens 
(electrically-, gas-, and steam-heated ovens) showed that only those 
surrounded by boiling water and steam are capable of maintaining 
even approximately uniform temperatures. W. P. S. 


Inorganic Chemistry. 


The Taste of Hard Water. Alexander Friedmann {Ckm. 

ffyg. InfeJct, KravJch., 77. 
nf connexion with the supposed superiority in taste 

a Jiard water when compared with a soft water, the author has 
arrie out experiments with carbon dioxide dissolved in distilled 
^ V ^ carbon dioxide per litre can never be 

) between 116 and 246 mg. give different effects with differ- 
^01- cvr. ii. 44 
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ent persons, whilst more than this quantity is distinctly tasUd 
The temperature of the solutions varied between 15^^ and 17o ^ 
the case of hard water, bicarbonate-carbon dioxide and total carbT 
dioxide were examined by Winkler’s method. Carbon dioxide 
hard water can be tasted at lower concentrations than in distil]!S 
water. In one case, the presence of 62*5 mg. of carbon dioxid 
per litre in a water of 36*4® hardness at 14*2® was recognised 
whilst a water containing 173 mg. of free carbon dioxide per litj’ 
was found to be distinctly acidic. Above this concentration, carbon 
dioxide is practically invariably detected by taste. In distilled 
water, on the other hand, suspicion is first aroused by 126 mg.^ 
the uncertainty persisted in one case up to 252 mg,; more than 
264 rag. per litre is detected by taste with certainty. Below this 
concenlration, the free acid is not tasted as ipich, hut can never- 
theless cause the sensation termed “ refreshing.” The possible 
reason of this property is discussed. H. W. 

Physical Analysis of Some Springs at Evaux-leB-Bains, 
Cluzet and Th. Nogiee {Compt, rend,^ 1914, 159, 92~93).-The 
authors have determined for some five of the springs at Evaux-les- 
Bains the following physical constants: (a) Temperature at the 
source; (6) density; (c) freezing point, {d) electrical resistance' 
(e) radioactivity measured in millimicrocuries of radium emanation 
from one litre of water at the source. The gases evolved from the 
Caesar spring have a high radioactivity, and there is a large evolu- 
tion of gas in one year (262,000 litres). W. G. 

Composition of th© Water of the “Limans” of Odessa. 
Et. Bibral {Bull. Soc, chim.^ 1914, [iv], 15, 630 — 634). — Complete 
analyses of the water of three salt lakes on the shore of the Blad 
Sea are given. The number of grams per litre of residue at 120“ 
from each lake is as follows: Konialnick, 82*684; Kadjibeiski, 
45 '410; Klein-Liebenthal, 2T674. A. J. W. 


Influence of the Current Frequency and Temperature on 
the Yield of Ozone. N. Puschin and M. Kauchtschev (/. 72m 
Fhys. Chm. Soc., 1914, 46 , 576—590). — With constant periodicity, 
up to 800 per second, the yield of ozone increases with increase of 
the voltage from 6500 to 8000. When the frequency is varied, but 
the voltage and other conditions kept constant, the yield of ozone 
increases as the frequency is increased to 1240 periods per second 
at 6500 volte, to 950 at 7000 volts, and to 660 at 8000 volts; if 
th© rate at which the air passes through the ozoniser remains tli« 
same, increase of th© frequency beyond these limits is accompanied 
by diminution of the yield of ozone. Continued increase of 
air current displaces the maximum yield towards continually 
increasing frequencies. Rise of temperature from 0® to 28^ causes 
the yield of ozone to increase, but further rise diminishes it. 

T. E. P' 
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Theory of the Lead Chamber Process. Waltheb Hbupisl 
iZ^t&ch. Chtm.^ 27 , 407--408). — A reply to Weofzki 
(this vol, ii, 558), la which it is pointed out that the objectioii 
that no account had been taken of the thermal dissociation of 
nitrogen peroxide, and that the gas had been led into the reaction 
chamber at the ordinary temperature in the experiments on the 
velocity of the formation of sulphuric acid (A., 1914, ii, 455), is 
quite groundta. The entry and exit tubes of the reaction chamber 
were wound with electrically heated wires, amd thereby maintained 
at a temperature slightly higher than that of the chamber itself, 
and condensation of the sulphuric acid in the tubes was likewise 
prevented by this arrangement. G, p, 

Two New Molfeations of Phoaphorua. P. W. Bridgman 
(/. Amxir. Ck&fn, Soc^f 1914, 36 , 1344 — 1353). — During tiie course of 
experiments on the effect of high pressure on white phosphorus it 
was found that this is transformed into a new modification. The 
transition temperature is a linear function of the pressure, and 
varies from -76*9° at a pressure of 1 kilogram/cm.2 to 64*4° at a 
pressure of 12,000 kilogram / cm.^. The results obtained in the 
dilatometric measurements were confirmed at atmospheric pressure 
by thermornetric observations. By crystallisation of solutions of 
white phosphorus in carbon disulphide at low temperature, the new 
modification was obtained in the form of microscopic crystals 
belonging to the hexagonal system. 

In an attempt to convert white phosphorus into red by the appli- 
cation of high pressure, a black modification of phosphorus was 
obtained. The conversion, which is irreversible, takes place quite 
readily at 200° under a pressure of 12,000 kilogram /cm.2. Black 
phosphorus is characterise by its high density. By the suspension 
method this was found to be 2*691 at the ordinary temperature, 
whilst the density of white phosphorus is 1*83, and that of red 
phosphorus varies^ from 2 '05 to 2*34 according to the method of 
preparation. It is not spontaneously inflammable, and may be 
heated to about 400° in the air without ipiting. When heated in 
a closed tube, it vaporises and condenses in the colder parte to red 
and white phosphorus. In this behaviour it closely resembles red 
phosphorus, and it would seem that the vapo-urs of black and red 
phosphorus are identical. In its general chemical behaviour it is 
also very similar to red phosphorus. In contrast with the white 
aim red modifications, black phosphorus is a fairly good conductor 
of heat and electricity. The resistivity at 0° was found to be 

^11, and this diminishes as the temperature rises. On account 
Of the porous character of the substance, the true value of the 
is probably considerably less than this number 
''ou d indicate. ^ Between 30° and 100° the specific heat was found 
^^^ich is appreciably lees than the recorded values for 
phosphorus over the same interval of temperature. The rela- 
lonship between the specific heats would seem to show that black 
P osphorus is more stable than red. This conclusion is supported 

44—2 
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by the vapour-pressure data, according to which the black modifier, 
tioii is much less volatile than the red. 

By heating white phosphorus to a dull red heat under a pressure 
of about 1000 kilogram/ CIU .2 it is transformed into red phosphorus 
the density of which (2-387) is greater than that of "metallic’ 
phosphorus (2-34), which represents the densest form of red phce^ 
phorus previously obtained. 

The connexion between the different modifications is discussed, 
with special reference to the nature of red phosphorus, and the 
relation between this and the black and white forms. H. M. D. 


Preparation of Phosphorus Pentaohloride. Samuel Peacoci 
(Fr. Patent, 463497). — When calcium phosphate and sodium or 
potassium cMoride, in the proportions CagPaOg^-l- lOKCl, are heated 
together in a closed vessel at, say, 1100 '^, and llte small amounts of 
phosphorus trichloride and chlorine formed are removed by an 
aspirator so that their partial pressures in the vessel remain below 
atmospheric pressure, a rapid and almost complete reaction occurs, 
giving 3CaO + 5 K 2 O + 2 PCI 5 . The phosphorus pentachloride may 
be collected, but is preferably passed into hot water, and so con- 
verted into phosphoric and hydrochloric acids, the latter being then 
separated by evaporation. From the residue potassium hydroxide 
is obtainable. T. H. P. 


The Melting Point of Arsenic. W. Heike {Intern. Z^isti 
Metallographiey 1914, 6 , 168— 171).— By using a sealed porcelain 
vessel, as for the lead-arsenic alloys (this vol., ii, 464), and enclos- 
ing this in an outer vessel packed into sand, it has been found 
possible to determine the melting and freezing points of arsenic, 
The value found is 830^ (compare Goubau, this vol, ii, 198; 
Jolibois, ihid.). Arsenic which has solidified in the porcelain vessel 
tarnishes readily in air, whilst the crystals condens^ from vapour 
are very stable, C. H. B. 


Borates. II and III. The System BaO-B^Og-HgO at 30', 
U. Sboroi {Atti R. Accad. Xf’wwi 1914, [v], 23, i, 717—721, 
854—857. Compare this vol., ii, 562).— The author’s experimente 
were carried out by determining analytically the equilibria reached 
at 30° by mixtures of various borates with water and boric acid or 
barium hydroxide. The borates taken had the compositions 
Ba 0 ,B 303 , 4 H 20 , 2 Ba 0 , 3 B 203 , 6 H 20 , and BaO, 3 B 2 O 3 , 7 H 20 . The 
resulting solubility curves are represented on a trianguW d^am. 


The IdentiflofttioD of Silicic Acids. G. Tscheemak {Zeitsch. 
anorg Cfiem., 1914, 87, 300— 318).— A reply to criticisms. Miipge 
(A., 1908, ii, 277, 688 ) gave experiments to show that the position 
of the break in the dehydration curve varied with the temperature. 
Some of these results show the break in the curve quite clearly 
at the point predicted by theory, when the velocity of dehydration 
is plotted, whilst others are useless for calculation, owing to the 
intervals of time being too large, and to other errors. 
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Xu many cases the inineral or synthetic product used as source of 
silicic acid is not homogeneous, so that mixtures of silicic acids are 
obtained. It is necessary to avoid preliminary treatments, such as 
pressing or prolonged washing, which alter the structure of the 
L]. The dehydration should be carried out over sulphuric acid of 
known concentration. Theile’s experiments (this vol., ii, 138), when 
these fail to yield true results for the constitution of the silicates 
examined, are vitiated by errors of the kind described above. 
Control experiments, and an optical examination of Theile's pre- 
parations, show that some of the silicates were not homogeneous. 
The homogeineous products yield silicic acids, corresponding closely 
with the requirements of Tschermak’s theory. The replacement of 
water in silicic acid gels hy other liquids, although proving that the 

els are adsorption compounds, does not disprove the original 
presence of definite hydrates. C. H. D. 

Colloidal and Gelatinous Carbon. N. L. Sohngen 

1914, 1 1, 593 — 696). — Electrolysis of a solution of potass- 
ium hydroxide with a current of 4 amperes at 100 volts, using 
carbon electrodes, yields a substance containing about 81 '2% C, 
{)'85% H, and 18% O. The product obtained by the action of 
sulphuric acid on a solution of sucrose contains about 55% C, 
4‘5% H, and 41% 0. Colloidal carbon cannot be prepared by either 
pietbod, or hy any known process. A. J, W. 

A Reduction of Carbon Monoxide by Hydrogen brought 
about by Radium Emanation. Otto Schbukr {C<mpt. rend., 19U, 
158, 1887 — 1889). — A mixture of carbon monoxide and hydrogen 
submitted to the influence of radium emanation for nineteen days 
undergoes a diminution in volume of nearly 10%. The gas left 
at the end has no odour, and is shown to be a mixture of carbon 
monoxide and hydrogen with a small amount of methane and 
probably a trace of ethylene. The gas contains neither formalde- 
hyde nor methyl alcohol. During the first few days a slight solid 
deposit was noticed on the walls of the experimental flask, but this 
had disappeared at the end of four days. On repeating the experi- 
ment, formaldehyde was detected in the flask at the end of two 
days. The action, therefore, probably takes place in two stages, 
the carbon monoxide being first reduced to formaldehyde, which is 
then in its turn reduced to methane and other hydrocarbons. 

W. G. 

Preparation of Ammonium Sulphate. Badische Aniltn- <fe 
Soda-Fabrik (Fr. Patent, 463487). — The slow oxidstion of ammonium 
sulphite to sulphate is considerably accelerated by keeping the 
solution alkaline with ammonia and by the presence of oxygen- 
carriers. The reaction proceeds well under pressure, T. H. P. 

Does a Mono-ammoniacal Silver Nitrate Exist? A. Rittchlsr 
(Bull Soc. chtm. 1914, 28 , 198—200. Compare A., 1904, 

iij 403). — The amount of silver hydroxide precipitated from solu- 
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tions of silver nitrate containing various quantitiee of amitioni • 
determined for a number of solutions. The author oonsidera 
in dilute solutions the reaction proceeds according to the eonaf,- 
Ag(NH3)(H20)(N03) Ag 0 H+NH,N 03 ^ 
2Ag(NH3)(H20)(N03) Ag(H,0)2K03 + Ag(NH3),(N0d 

The reaction is examined by the law of mass action, and from r 
results it is, shown that it is extremely probable that a mo 
ammoniacal silver nitrate does exist. F S 

The Dehydration of Gypsum C. Gaudeproy {Coviitt. 

1914, 158, 2006 — 2008). — Anhydrous calcium sulphate. as prepared’ 
by the dehydration of gypsum is much more soluble and less dei^ 
than the natural anhydrite. The last stage in the dehydration 
passage from the hemihydrate to the anhydrous form, is reversible’ 
each process only requiring a few minutes at 110*^ in a dry and 
humid atmosphere respectively. The temperature at which tbe 
anhydrous sulphate is produced therefore depends on the hygro- 
metric state of the air in the oven, thus explaining the variations 
in the results of different workers. Further, both the hemihydrate 
and the anhydrous form can absorb water vapour from the air at 
the ordinary temperature. The author considers that the two 
types of figures formed on gypsum by its dehydration are only 
modifications of one another, and are formed by the hemihydrate/ 

W. G.' 

Glucinum Borates. B, Bleter and L. Paczuskt (KoUmd. ZeiM., 
1914, 14, 295 — 306). — Experiments have been made to ascertain 
whether any glucinum borates are formed as the products of re- 
actions in which water is involved, for theory indicates that 
borates can only be obtained in this way if the borates themselves 
are not very soluble and the corresponding oxides or hydroxides 
are readily soluble. 

In the first series of experiments, the distribution of boric acid 
between water and glucinum hydroxide was investigated. Oa 
account of the rapidity with which the hydroxide ages and 
diminishes in its reactivity, it was found necessary to make tk 
experiments with glucinum hydroxide precipitated in siht by tk 
addition of ammonia to a solution containing boric acid and 
glucinum sulphate. The results obtained in this manner show that 
the ratio of distribution of the boric acid between the water and 
glucinum hydroxide is independent of the concentration of the 
boric acid. This constancy of the concentration ratio was found 
both in experiments at 20° and at 100°. From this behaviour, the 
authors draw the conclusion that no definito compounds are formed 
by the interaction of glucinum hydroxide with aqueous sohitions 
of boric acid, and that the boric acid removed by the hydroxide 
forms a solid solution. 

A further series of experiments, in which the products obtained 
by the interaction of glucinum sulphate and sodium borate 
(Na^BiO;) in aqueous solution were investigated, confirms this eon- 
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clusioii- composition of the eolid solution, which separates out 
v^-hen these solutions are_ brought together, varies considerably with 
tite concentration and with the relative proportions of the reacting 
substances. Precipitates containing the largest proportion of boric 
acid are obtained when the glucinum salt reacts with an equivalent 
Quantity of sodium borate in a solution of the highest possible 
concentration. The addition of sodium or ammonium sulphate to 
the solution has no appreciable influence on the composition of the 


precipitate. j i • • 

^ According to the results of this investigation, it is extremely 
probable that the glucinum borate, SBeOjB^Oj, described hy Kxiiss 
and Moiirat (A., 1890, 697), is simply a solid solution of boric acid 
ill ffluciuum hydroxide. H. M. D. 


Magnesium Chloride. II. Influence of Magnesium Chloride 
on the Oxidising Action of Chlorates and Nitrates. K. A. 
HoPMANS, Fritz Qooos and Otto Schneider (5«r., 19 U, 47, 
j99i_1999), — In continuation of former experiments (Hofmann 
and Hbschele, this vol., ii, 204), the authors have found that moist 
magnesium chloride considerably facilitates a number of technically 
important oxidation processes. When chlorates, nitrates, and 
nitrites are mixed with magnesium chloride, either in the form of 
Ihe hydrate, MgCl 2 , 6 H 20 , or as carnallite mother liquors, their 
o.vidising action takes place at remarkably low temperatures, the 
molten magnesium chloride keeping the mixture homogeneous, and 
the water preventing too great a rise’ in temperature. As an 
example, the oxidation of anthracene to anthraquinone may be 
cited. A mixture of 20 grams of anthracene, 23 grams of sodium 
nitrate, and 80 grams of magnesium chloride hexahydrate is heated 
ill ail open flask on the sand-bath. The fusion turns yellow already 
at 125^, owing to the formation of anthraquinone. The tempera- 
ture is allowed to rise to 145°, 40 c.c, of water added, and the 
temperature slowly raised to 300°, stirring well meanwhile. The 
anthraquinone separates above the salt residues, and after being 
collected is mixed with 5 grams of magnesium oxide and sublimed. 
The yield is 91*5%. 

Details are also given of the influence of moist magnesium 
chloride on the oxidation of aniline to aniline-hlack, of a mixture 
of aniline and paraphenylenediamine hydrochloride to indulinea 
and paraphenylene-blue, of a. mixture of ^tolylenediamine hydro- 
chloride, aniline, and o-toluidine to safranine, and of the oxidation 
of sawdust and of molasses to oxalic acid. Considerable quantities 
of trimethylamine are first evolved in the oxidation of the molasses. 
Magnesium chloride also has a considerable influence on the intro- 
duction of nitroso-groups into phenols, and on the formation of 
luduline from a mixture of aniline, aniline hydrochloride, and 
aminoazobenzene; the previous preparation of aminoazobenzene is 
not absolutely necessary; it also accelerates the liberation of iodine 
irom potassium iodide solutions by means of potassium chlorate 
^nd dilute sulphuric acid. 

Magnesium chlorate and nitrate also exert an oxidising action at 



ii. 652 


ABSTRACTS OF CHEMICAL PAPERS. 


comparatively low temperatures in the presence of water of crv 
lisation, hut the temperatures are not so low as with the mivt^ 
of magnesium chloride hexahydrate and sodium nitrate. 

The experiments of the authors lead them to the conclusion tli 
the effect of the hydrated magnesium chloride cannot be ascriS 
to its products of hydrolysis or to the ions formed. It is poss^ 
that additive products are formed, which are very reactive. 
nesium salts are known to give complex compounds very readib ® 

T. S. I 

TheOrystallographical and Optical Properties of Magneeinra 
and Manganese P;^opho8phates. 0, Andeeson (J. ITewiitTJ! 
Acad. Scij 1914, 4 , 318 — 325). — The two salts are found to beion# 
to a new monosymmetric isomorphous group. Crystals for ex" 
amination were obtained from cavities in a rapidly crystallised 
fusion of each substance. The optical properties could only be 
determined on microscopic fragments. 

MggPA : a:b:c^ 0-7947 : 1 : TOSSO ; j8 - 75°49' ; optical 
character positive^ Df 3*058. 

Mn 2 P 207 ; a\h: c =0-7834 : 1 : ? ; ^ = 74°9' ; optical character 
positive; Df 3*707. 

The two salts are perfectly miscible in the solid state, foriuinti 
a system belonging to Roozeboom’s Type I. E. H. K, ” 

Allotropy of Zinc. II. Eenst Cohen and W. D. Heldkrmak 
(Proe. K. Akad. Wetensch. Amsterdam, 1914, 17 , 59 — 60. Compare 
this vol., ii, 127).— The so-called “atomised’' zinc obtained by 
Schoop’s method has been found by dilatometric observations to 
consist of a mixture of two or more allotropic forms. The metal 
was found to contract at 25°. H. M. D. 

Allotropy of Cadmium. II, Ernst Cohen and W. D. Hbldbr 
MAN {Prac. K. Akad, Wetenseh. Amsterdam, 1914, 17 , 54 — 58).— In a 
previous paper (this vol., ii, 52) experiments were described whicli 
seemed to show the existence of a transition temperature at 64’9'', 
Further dilatometric observations indicate, however, that this 
temperature varies with the previous thermal history of the metal, 
and the authors draw the conclusion that there are more than two 
allotropic forms which must be taken into account. H. M. D. 

Allotropy of Cadmium. III. Ernst Cohen and ¥. D. 
Helderhan {Proc. K, Akad. Wetmsch. Amsterdam, 1914, 17, 
122 — 131. Compare preceding abstract). — According to dilato- 
metric observations, electrolytically deposited cadmium is unstable 
at the ordinary temperature, and its nature has been furtlier in- 
vestigated by electromotive force measurements. The EM.f- d 
the cell, electrolytic cadmium j cadmium sulphate solution 1 12'5;i) 
cadmium amalgam, was found to he 0‘0503V at 25°, but after 
standing for several weeks the E.M.F. fell to 0’0475°. The change 
in the E.M.F. is attributed to the transformation of unstable 
-^-ca^mium into the stable «-form, In support of this view, it wa? 
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found that the above difference in increases from 2*8 milli- 

volt at 25® to 4*0 millivolt when the temperature is lowered to 0®. 
Xhis is to be expected, for the difference in E,M.F, should increase 
as the interval between the temperature of the measurement and 
jhe transition temperature is increased. 

In addition to the change in E.M.F. which is brought about by 
transformation of the electrolytic cadmium, a further change is 
found if the metal is deposited by passing a current through the 
above cell This is due to the local transformation of the two-phase 
amalgam into a one-phase system. By diffusion of the cadmium, 
the two-phase equilibrium is, however, gradually restored, and the 
vgF falls to its normal ” value after four or five days. 

H. M. D. 

Atomic Weight of Lead of Radioactive Origin. Theodore 
W. Richards and Max E. Lembebt {J. Amer, C'Aem. S&e., 1914, 36, 

t 329 1344; Gompt. rcTid.j 1914, 159, 248 — 250. Compare Soddy 

and Hyman, T., 1914, 105, 1402). — According to the views put 
forward by Russell, Fajans and Soddy (A., 1913, ii, 274, 275, 276, 
277 ), the nature of the end-product of the process of disintegration 
of a radioactive mineral will vary according to the proportion of 
the parent substances in the mineral In order to test this theory, 
measurements have been made of the atomic weight of radioactive 
lead obtained from different sources. 

The method adopted was very similar to that used hy Baxter 
and Wilson (A., 1908, ii, 281), which involves the preparation and 
analysis of the chloride of the metal The results obtained show 
that all the radioactive specimens of lead examined by the authors 
iiave a lower atomic weight than ordinary lead. The actual values 
and the source of the lead are indicated in the following summary : 
lead from uraninite (North Carolina), 206*40; from pitchblende 
(Joachim sthal), 206'57 ; from carnotite (Colorado), 206*59 ; from 
Ceylonese thoriauite, 206*82; from English pitchblende, 206*86; 
ordinary lead, 207*15. 

Tlie fact that all analyses were carried out by the same method, 
and that each sample gave consistent results, excludes the possi- 
bility of analytical error, and the authors consider that the varia- 
bility indicated by the above atomic-weight numbers is definitely 
established. A similar result was also obtained by Soddy and 
Hyman in the determination of the atomic weight of lead from 
Ceylon thorite (loc, cit.). 

The ultra-violet spectrum of a typical radioactive lead was found 
to he practically identical with that of ordinary lead. It would 
seem, therefore, that the admixed substance cannot be identified 
by spectroscopic or by chemical methods, H. M. T). 

Atomic Weight of Lead from Pitchblende. 0. Honigschmid 
And (Mile.) St. Horovitz {Compt rend,, 1914, 158, 1796—1798. 
Compare Curie, this vol, ii, 563).— The results of atomic-weight 
determinations of lead, using lead chloride obtained from pitch- 
blende residues and carefully purified, give the value 206*736 as 
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the atomic weight of lead, this being the mean of nine determ' 
tions by Baxter's method. This low value is in accord with 
view that radium by the loss of five a-particles passes into radiui^ p 
an element inseparable by chemical methods from lead, butposR 
ing a diflerent atomic weight, the value for which, calculaf^j 
theoretically from those of uranium and radium, should be 205'^ 

W. G." 

Cause of the Oxidation of Type Metal, S. Zinberg (Zeiisri, 
angeto. Ck&n., 1914, 27, 436 — 437). — The formation of lead hydrojjd 
and carbonate on the surface of type metal is due to the action 
of moisture in the atmosphere. 'TOilst distilled water readily 
attacks an alloy containing 82% of lead and 14% of antiiaony it 
has no action on one containing 72% of lead and 24% of antimony 
The presence of certain salts in water, such as those contained in 
drinking water, inhibits the action of the latter on the metal and 
this water may be employed for cleaning type metal, but the use 
of turpentine or petroleum is to be preferred for the purpose 

W. P. S. 

Experiments on White Lead. K. Stuabt Owens {J. 

Ch^m., 1914, 18, 46l“473). — Experiments have been carried out on 
the production of whit© lead, lead carbonate, and lead hydroxide 
with the object of ascertaining how the physical properties of these 
substanodh change with the conditions of precipitation. It is 
shown that lead hydroxide can be precipitated in a definite crystal- 
line form, and by varying the conditions the size of the crystals 
can be varied between 1 x 10“ ® and 37 ‘5 x 10 mm. in diameter. 
Lead carbonate is not precipitated in any definite crystalline fomi. 
It is probable that the particles are aggregates of very small 
crystals; the size of the particles can be varied between 1x10-* 
and 3' 7 X lO"^ mm. in diameter. When a mixture of particles 
of lead carbonate and lead hydroxide is kept under a solution 
of sodium aeetate, particles of white lead are formed which have 
a uniform size, no matter what the size of the particles of tlie 
reacting substances. When a mixture of sodium hydroxide and 
sodium carbonate solutions is added to a solution of lead acetate, 
white lead is precipitated, and the size of the particles can only 
be varied between narrow limits (0*2x10"^ — 2*0 x 10"® mia.j. 
White lead prepared in this way does not show any definite crystal- 
line form, but seems to consist of rounded, translucent particles. 
Rapid precipitation gives smaller particles, and slow precipitation 
larger particles. The absorption of oil by wliite lead ia greater 
with larger particles than with smaller particles. Paint made 
from small-particle white lead is superior to that made from 
large-particle white lead. Uniformity in the size of the particles 
is not necessarily an advantage in a paint, J. P. S, 

Allotropy of Copper. II. Ebnst Cohen and W. D. Heldekmas 
(Froc. AT. Akad, Wttenseh, Amsterdam, 1914, 17, 60 — 62. Compare 
this vol., ii, 205). — Further observations indicate that the transi- 



INOHQANTC CHEMISTRY. 


ii. 655 


tioQ temperature 71 ’7° recorded in the previous paper is to some 
extent dependent on the previous thermal history of the metal. 

69 o^ the volume was found to increase, and then to decrease 
in a further seri^ of observations. This behaviour seems to show 
that the metal consists of more than two allotropic modifications. 

H. M. D. 

Oxidation and Reduction of Copper. Jacques Joannis 
r^nd.f 191 4-, 158, 1801 — 1804. Compare Berger, this vol., 
iij 564). — A study of the rate of oxidation of copper and reduc- 
tion of its oxide at 300® under varying pressure. The copper used 
was prepared electrolytic ally, and was in the form of fine wire 
1 nun. diameter. It was placed in a cylindrical tube, heated in 
an electric furnace, and connected through a stop-cock to a 
chamber fitted with a manometer and stop-cocks, through which 
hydrogen or oxygen could be introduced. The progress of the 
reactions was followed by means of the manometer readings, 
pressure apparently plays no appreciable part in the oxidation 
of copper, but the coating of oxide formed considerably diminishes 
the velocity of oxidation, even if a fresh supply of oxygen is intro- 
duced. In' the process of reduction, pressure has apparently no 
influence either, but in this case it is impossible to draw any 
definite conclusions, owing to the velocity of condensation of the 
water formed. W. G. 

The Influence of Nickel on Some Copper- Aluminium AUoye. 
A. A. Read and ft. H. Grbwes (/. InsL Metals^ 1914, 11, 169—213). 
—The mechanical properties are chiefly considered. The corrodi- 
bility of alloys of copper and aluminium containing 5 and 10% A1 
is small when sea-water is used, and is still further reduced by 
the addition of nickel. In acids, the alloys containing nickel are 
juore readily corroded than those from which it is absent. 

C. H. D. 

Muntz Metal. J. U. Stead and H. G. A, Stedman {J. Imt. Metals, 
1914, 11, 119 — 150. Compare Bengough and Hudson, A., 1908, 
ii, 186). — Muntz metal, the alloy containing about 60% of copper 
and 40% of zinc, is rendered most ductile by prolonged annealing 
at 430°. At this temperature the jS-constituent almost completely 
disappears in the course of several months, the specimen then 
consisting almost entirely of a, although without loss of zinc. 
There is no evidence that the J3 is resolv^ into a and y (compare 
Carpenter, A., 1912, ii, 764; 1913, ii, 138, 139). During heating 
m air, the copper is completely protected from oxidation, the scale 
consisting only of zinc oxide. C. H. D. 

The Micro-chemistry of Corrosion. II. The a-Alloys of 
Copper and Zinc. Samuel Whyte and Cecil H. Desch (/. InsL 
Meialt, 1914, 11, 236 — 251. Compare this vol., ii, 367). — Using the 
^ Pf^viously described, brass containing 70% of copper and 
30% of zinc is slightly more corroded in the cast than in the 
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annealed state, owing to the presence of cores in the crj^stalliu 
formed on solidification. When 1% of zinc is replaced by tin, th 
corrosion is at first stimulated, but is rapidly checked by^ the 
formation of an adherent layer of basic salts. A similar effect i 
produced by 2% of lead. * 

Spontaneous and electrically stimulated corrosion are coinplet^i, 
similar, the first process in each case being one of dezincificatioij 
which proceeds along the boundaries of crystal grains and alonJ 
twinning planes. C. H. D. ^ 

Reduction of the Oxides of Copper and Nickel by Hydrogen 
in the Presence of a Dehydrating Agent. E. Berger {Cmpt, 
rend., 19U, 158, 1798—1801, Compare Sabatier and Espil, 
vol., ii, 276). — The reduction of oxides of copper and nickel is very 
considerably accelerated by the presence of a dehydrating 
such as barium oxide. The curve showing the rate of reduction 
of copper oxide is continuous, whilst in the case of nickel oxide 
NiO, there is a break, showing the intermediate formation of tin 
oxide, NigO. In the case of nickel, completely reduced, absorp- 
tion of hydrogen continues until at 209-5° in forty hours the metal 
has absorbed three hundred times its volume of the gas, and tk 
absorption still continues. W. G, 

Colloid^ Cuprous Oxide. C. Paal and A. Dbxheimer {^ar.^ 
1914, 47, 2196 — 2199. Compare Paal and Leuze, A., 1906, ii, 
356). — If a colloidal solution of cupric oxide, prepared by tlie 
method of Paal and Leuze {loc. cit.) with either sodium protalbak 
or lysalbate, is treated with a solution of pure hydroxylamine, 
reduction, which is accelerated by heating, takes place, with tie 
evolution of gas, and leads to the quantitative formation oi 
colloidal cuprous oxide. From the hydrosol thus prepared, tlie 
solid, soluble hydrogel may be obtained when air is excluded to 
prevent oxidation. Accofding as the hydroxylamine is used in tk 
equivalent quantity, or in excess, the hydrosol and hydrogel shot 
different stabilities towards atmospheric oxidation, the presence of 
excess of hydroxylamine making them much more stable. 

The hydrosols are bright orange in colour in transmitted light, 
and have a yellowish-grey, milky appearance in reflected^ light 

Position of Cerium in the Periodic System and Complex 
Molybdates of Quadrivalent Cerium. G. A. Barbieri {Aui H- 
Acead. lineei, 1914, [v], 23, i, 805— 812).— The constitution of the 
complex molybdates described in this paper is analogous to that 
of the complex molybdates of zirconium and thorium, and this fact 
supports the view that cerium occupies a place in the same group 
18 these elements in the periodic system. The neutral 
'^rimolyhdate^ {NH4)g[Ce(Mo207)g],8H20, is a yellow, crystaltos 
substance yielding yellow solutions, which are stable towar 
hydrogen peroxide, and give a precipitate with oxalic acid on? 
ifter prolonged boiling. Acid aniline cerimolybdate is a plo^ 
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yljgtauce, which becomes green in the light. Acid amtfio/twm 
fennolybdatCj (NH4)gH2[Ce(Mo2O7)g],10H2Oj is a pale yellow, 
frysUlline substance. Silver cerimolyhdate, Agg[C6(Moo07)fi], is 
an orange-yellow, crystalline substance. r“ v. S. 

The Separation of Yttrium from the Yttrium Earths, II. 
y. C. Holdbn and C. James (/, Amer. CUm, Soc,^ 1914, 36, 
1418—1423. Compare Uiis vol., ii, 370).— The most efficient 
method for the separation of yttrium from the yttrium earth 
metals has been found to be the method of fractional precipita- 
tion with sodium nitrite. The oxides are dissolved in nitric acid, 
the solution diluted and boiled, and a quantity of sodium nitrite 
is added sufficient to precipitate the required fraction of the rare 
earth material. The yttrium concentrates in the later fractions. 
This method gives a larger yield, a more rapid separation, and is 
less expensive than the phosphate or chromate method. The 
method is not very effective, however, for the separation of yttrium 
from terbium. H. M. D. 

The Chemical or Physical Nature of Colloidal Hydrous 
Aluminium Silicates. R. Gans {Cen(r. 19U, 365—368. 

Compare this vol., ii, 469), — Further discussion and reply. 

L. J. S. 

Some Physical Properties of Indium Tribromide in Water. 
Adolf Hetdweillee (ZeiiBch. anm'g. Chem., 1914, 88, 103 — 107). — 
The electrical conductivity, density, specific heat, and refractive 
index for three hydrogen lines have been determined for solutions 
of indium tribromide in water. C. H, D. 

Metallic Bromides. VIII. Igilio Guareschi {Atti R, Accad. ScL 
Torino^ 1914, 49, 834 — 844, Compare A., 1913, ii, 692, 957 ; this 
vol., ii, 214, 379). — When heated, anhydrous manganese bromide 
decomposes, with liberation of bromine. The fcetrahydrate softens 
at 70 — 80°, and melts to a transparent liquid at 110°; Kuznetzov 
(.7. Rms. Phys. Ohem. Soc.j 1897, 29, 288) gave m. p. 64'3°. It 
loses 2H2O in a thermostat at 40°, or more readily at 50°, and 
jHoO at 80°; the fourth molecule of water is expelled at 120°. 
Ill a desiccator over sulphuric acid it loses 2H2O rapidly, and a 
further H2O very slowly; over calcium chloride it gives up only 
2H2O. Over sulphuric acid at 40 or 20 mm. pressure, it loses 
SHoO, the residual monohydrate becoming anhydrous in an oven 
at 116°, In a current of dry air at 41°, the tetrahydxate gives up 
2H2O rapidly, and the third HgO slowly, the fourth molecule of 
water being expelled only at 99°. Elimination of IH^O from the 
tetrahydrate, with formation of MnBr2,3H20, has not been effected. 

When heated, hexahydrated magnesium bromide melts, and then 
loses water and hydrogen bromide, the dry residue giving up 
tromine on further heating. Under no conditions of heating was 
loss of water without decomposition observed. 

When heated in moist air, glucinum bromide decompose accord- 
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ing to the equations GlBrg + 0 = GIO + Br* and 

2HBr + G10. "2+«20= 

Zinc bromide forms anhydrous crystals, and boils unchan 
but when heated with iodine it readily gives up bromine. 

When heated near its boiling point, anhydrous cadm' 
bromide sublimes and gives up bromine, much of the latter W 
obtained if iodine is present. Its vapour density was found t 
9 ’22 and 9-28, instead of 9*40, at 923° and 914° respectively 

Tetrahydrated cadmium bromide is completely dehydrated ' 
thermostat at 30°, or over sulphuric acid at 18 — 20°. * 

Mercuric bromide forms anhydrous crystals, and even wh 
heated rapidly sublimes without liberation of bromine, but 
does occur in presence of iodine. Bromine is not set free wh 
the bromide is heated with 60% chromic acid solution, but^’^ 
eliminated copiously in the presence of a saturated solution of 
chromium trioxide. Bromine is also lost when the bromide is 
shaken with potassium iodide solution and then heated with 50 *' 
chromic acid solution. 

Anhydrous cuprous bromide readily evolves brornine when 
heated. T. H P 

Manganese Sulphide and the Estimation of this Metal. A 
ViLLlBKS (Compt. rend.f 1914, 159, 67-— 69. Compare Baab and 
Wessely, A., 1903, ii, 697). — A study of the conditious governing 
the formation of the pink and green forms of manganese sulphide. 
Precipitation in a neutral solution saturated with ammonium and 
alkali salts ^ives a pink precipitate which does not turn green, 
whereas precipitation in a neutral solution containing but a small 
amount of foreign sails gives a pink sulphide, which slowly chaimes 
at the ordinary temperature into the green form. In order to 
obtain the green sulphide in the cold, any excess of acid should 
he first boiled off, the solution diluted, made alkaline with 
ammonia, and ammonium hydrogen sulphide added. For the 
estimation of manganese, the precipitation should always take place 
at 100° after the addition of ammonia in quantity sufficient to 
make the solution alkaline. By this means a very dense, gnwn 
precipitate is obtained, which can be easily collected and washed. 

W. G, 

Preparation of Hydrates of Manganese Sulphate. R. m 
PoRCBAND {Compt, rend.,, 1914, 158, 1760 — 1763. Compare Cottrell, 
A., 1901, ii, 12, and Richards and Praprie, A., 1901, ii, 553)- 
The author has prepared the heptahydrate, tetrahydrate, and what 
he considers to be two dihydrates, and two monohydrates of 
manganous sulphate, as well as two anhydrous salts. One series 
of hydrates was prepared in the cold, starting with the hepta- 
hydrate, and subjecting it to successive dehydration by efflores- 
%ce, the final stages being carried out in a vacuum over phos- 
^oric oxide. The starting point of the second series was a cold 
^turated solution of the tetrahydrate, which was heated 5o 98" 
land evaporated by a current of air played on to the surface of the 
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liauid- indication of a hexahydrate was obtained, and the 
formation of a trihydratd was uncertain. W. G. 

^ennochemical Study of Some Hydratee of Manganese 
Sulphates. Isomeridee, R. db Foecrahd {Cwnpt, r^nd., 1914, 
15 ^ 12 — 16).— The author has determined the heats of solution 
at 15*^ hydrates of manganous sulphate prepared on the 

(jne hand in the cold, and on the other at 100° (compare pre- 
ceding abstract). The results obtained for the series B, prepared 
at 100°, are in agreement with Thomsen's values for the anhydrous 
salt and the monohydrate, and for the pentahydrate prepared in 
series A, in the cold, the heat of solution agrees with that obtained 
by Thomsen. For the anhydrous salts and the mono-, di-, tri-, and 
tetra-hydrates of series A, there is a marked difference between 
their heats of solution and the values given by Thomsen, the differ- 
ence increasing as dehydration proceeds. The author considers 
that the anhydrous salt and the hydrates used by Thomsen are 
polymerides of his salts of series A, the polymerisation being 
brought about by rise in temperature. This polymerisation is 
exothermic and irreversible. The difference between the values 
for the tetrahydrates of the two series is small, and the hypothesis 
suggested by the author is that on warming the tetrahydrate it 
loses water and undergoes progressive polymerisation, ^ which 
reaches its maximum in the neighourhood of the monohydrate, the 
final heating from 100° to 300° only serving to complete the 
dehydration. This polymerisation can he produced in the cold 
by the action of sulphuric acid as a catalyst on a saturated solu- 
tion of the monohydrate obtained in series A. W, G. 

The Velocity of Transformation of Steels on Heating, and 
the Specific Electrical Resistance of Iron. A. Portevin {Compt, 
renrf., 1914, 159, 51 — 53). — For a given steel, heated to a given 
temperature and cooled under identical conditions, the amount of 
carbon entering into solid solution will depend only on the amount 
of carbon in solid solution at the commencement of rapid cooling, 
whicli is a function of the time of heating at the given tempera- 
ture. The first value, which can be determined by measuring the 
electrical resistance of steel, thus affords a measure of the velocity 
of transformation on heating at a given temperature. The results 
obtained show that the entry of the carbon into solution is far 
from being instantaneous. The elevation of the temperature and 
the increase in the time of heating increase the electrical resist- 
ance of the tempered steel. The author finds by extrapolation the 
value 9" 3 microhms at 20° for the resistance of pure iron. 

W. G. 

Hardness and Electrical Resistance of Iron-Carbon 
g I^UDOLP VoHDRA^EK {InUtn. Zeitach. Metallographia^ 1914, 

’ hardness of martensite is not to be attributed 

f the presence of finely divided cementite, which could not give 
nse to a hardness much greater than that of pearlite. The elec- 
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trical resistance of martensite is such that the whole of the carb'*^ 
must be present in solid solution. Cold-working is without 
considerable influence on the resistance of steel. The resisUfl'^ 
figures indicate that a-iron is capable of holding as much as O’U^ 
of carbon in solid solution from 600° downwards when very sio\^f 
cooled in presence of a large excess of cementite. The a-h ^ 
present in the eutectoid (perlite) contains O' 06 — 0'07% C. at ^ 
temperature of formation, increasing to 014% with falling tempera* 
ture, C. H. D. 

The Influence of Manganese on the Oorrosion of Steel 
Cecil H. Desch and Samuel Whyt* (/. West Scotland Iron -S'iee/ 
1914, 21, 176 — 191). — The corrosion of steels containing man- 
ganese in 5% sodium chloride solution has been examined by tig 
method previously described (this vol., ii, 367). A distinct 
influence of manganese has not been observed. Manganese is 
preferentially dissolved, the ratio of manganese to iron in the solu- 
tion increasing to a maximum and then diminishing. The maxi- 
mum is also marked by a reversal in the etching, ferrite beiit# 
at first attacked more than pearl ite, whilst the etching is norma! 
after the maximum is passed. C. H. D. 


Magnetic Study of Iron Sesqmoiide. Euby Wallace (Cmpi. 
r«nd., 1914, 159, 49 — 61). — A study of the variation with tempera- 
ture of the magnetic susceptibility of the three forms of ferric 
oxide prepared (1) by precipitation in the cold with ammonia from 
a freshly prepared, dilute solution of ferric chloride; (2) by boil- 
ing the previous form with water ; (3) by the action of water on 
sodium ferrite. For form (1) the magnetic susceptibility at first 
increases with the temperature, reaching a maximum at 200"^, 
diminishes rapidly to 300°, and then slowly to a minimum at 
650°, above which temperature it slowly rises. The magnetic 
susceptibility of form (2) diminishes continually, there being a 
rapid fall at 200°, and at 350° its curve joins that of form (1), 
The curve for form (3) is analogous to that for form (1), its 
minimum being situate at 750°. To confirm the temperatures 
of final transformation, the author has made a thermal analysis 
of the oxides by means of the Le Cliatelier-Saladin double galvano- 
meter, W. G, 


Bromination of Cobalt and Nickel in the Presence of Ethyl 
Ether. F. Bucelliez and A. Raynaud (Compl. rmd., 19U, 158, 
2002 — 2003). — On bromination of cobalt or nickel in dry ether, 
according io the conditions given for manganese (compare this 
vol., ii, 273, 470), the bromine readily combine with the metal, 
giving the respective bromides, containing 1 mol. of ether, namely, 
CoBr2,Et20 and NiBr^jEt^O. The cobalt compound is green, and 
less stable than the nickel compound, which is yellow. Each of 
them on heating yields the anhydrous bromide. W. G. 

Some Compounds of Univalent Nickel. L. Tscuugaev am! 
W. Chlopin [Compt. rend,, 1914 159. 62 — 64. Compare Bellucd 
and Corelli, A., 1913, ii, 604; i, 839; this vol., i, 260).-0n mim 
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coucentrat^d solutions of sodium hyposulphite and nitrite in mole- 
cular proportions, the resulting mixture gives with nickel salts of 
the typo deep violet or blue coloration, according to the 

proportion of nickel used. The violet^coloured substance is more 
soluble than the blue. It has been isolated in a moderately pure 
efAte and to it the authors assign the constitution 
^ S03Ni-NH-S03H,7jH20. 

alkali hydroxides it gives a blue precipitate, quite different 
in character from nickelous hydroxide, and at the same time 
ammonia is liberated and sodium sulphate formed. Potassium 
cyanide changes its violet colour to red. Ammonia, pyridine, and 
etbylenediamine give a deep blue coloration quite different from 
that obtained under the same conditions with nickelous salts. 
Ammonium hydrogen sulphide gives an amorphous, black pre- 
cipitate soluble in potassium cyanide. The blue precipitate 
obtained with alkali hydroxides is shown to be the hydroxide 
NiOH, and with sodium sulphite it gives the subsulphide Ni^S. 
The coloration obtained with potassium cyanide is due to the 
formation of the complex cyanide obtained by Bellucci and Corelli 
(Joe. dt.). W. G. 

Colloidal Nickelous Hydroxide. C. Paal and Gustav Bbi^njes 
[Beu 1914, 47, 2200 — 2202).— Colloidal solutions of nickelous 
hydroxide are readily obtained from solutions of nickel sulphate 
by the ordinary methods involving the use of either sodium 
protalbate or sodium lysalbate> followed by dialysis. The solu- 
tions are clear in transmitted light, but in reflected light they are 
opalescent, with a greenish-yellow colour. Concentration in a 
vacuum gives brownish-yellow, transparent, brittle lamellae, which 
dissolve again to the colloidal solution. 

Sodium protalbate or lysalbate has only a slight protective 
action on colloidal solutions of nickelous hydroxide, so that solu- 
tions containing a high percentage of the colloid cannot be 
obtained. T. S. P, 

Properties of Recoura’s Green Chromium Sulphate. Andke 
Kling, D. Florentin, and P. Huchet [Compt. r«nd., 19H, 159, 
60—62). — Working with an iV'/2^1ution of the green chromium 
sulphate, obtained by Recoura by heating the crystalline, violet 
sulphate to 90° (compare A., 1896, ii, 27), the authors have deter- 
mined the variation with time of (a) the amount of sulphuric acid 
m the solution predpitable by benzidine hydrochloride j (&) the 
lowering of the freezing point of the solution; (c) the electrical 
conductivity of the solution. During the first twenty-four hours 
after the preparation of the solution no sulphate precipitate is 
obtainable, but after that time the amount increases at first 
rapidly, and then gradually with passage of time. The molecular 
lowering of the freezing point and the electrical conductivity at 
nrst increase rapidly, even before the presence of the ion 
can be detected, and then attain a value which remains almost 
constant during the rest of the experiment. The green solutions 

VOL. cvi. ii. 45 
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of cbromium sulphate tend towards a state of equilibrium, 
is a function of the temperature and concentration, and ia the 
state towards which the violet solutions of the same concentration 
gradually pass. W. Q, 

Transformation Phenomena in Potassium Molybdates and 
Tungstates. II. M, Amadoei (Atii M, Aocad, Uncei, 1914 ^ m 
23 , i, 800 — 805. Compare this voL, ii, 568),— Potasdum molybdate 
is trimorphous, and has a transformataon point at about 460°, 
second transformation point is observed at 322 — 326® during heat 
ing; the thermal effects observed during cooling are of no value, 
because the substance shows a great tendency to remain in ^ 
unstable state in the form stable at higher temperatures, Potasaum 
tungstate is also trimorphous with a transformation point at about 
600® and a second transformation point (observable only during 
heating) at 370—374®. To results obtained by cooling the Baroe 
objections apply as in the case of potassium molybdate. R. V. S. 


Revision of the Atomic Weight of Uranium. 0. Honiobchmid 
(C<mpt. rend., 1914, 158, 2004— 2006).-“The author has determined 
the atomic weight of uranium from the ratio UBr^ : AgBr, ’ 
finds the value 238'175. The uranium bromide was nrenare 


U11U9 YftlUW UJ 

heating a mixture of uranium oxide and carbon in bromine vapour, 
subliming the product, melting it, and transferring it to a silica 
weighing tube, the whole procees being carried out in a silica 
apparatus in the absence of air. In one series of determinations 
the sublimation was performed in bromine vapour, and in tie 
other in nitrogen. The oxide used was prepared from a pure 
specimen of uranyl nitrate, and carefully purified by repeating the 
process. 


Vanadium in Brass. R. J. Dunn and 0. F. Hudson (/. hsi. 
Metals, 1914, 11 , 161— 168).— The critical point at about 460“ in 
alloys of copper and zinc containing the ^phase is only slightly 
affected by vanadium, 1% only raising it about 10®. Vanadiim is 
practically without influence on the resolution of the ^-pbase, 
Alloys containing more than 0-5% V contain hard, blue infusions, 
possibly an oxide. 


Preparation of Solutions of Colloidal Vanadic Acid from 
Orthovanadio Esters. J. D. Riedel, A.U. {Chm. Zentr., m, 
i, 1738; from Riedd*s Berkht., 1914, 13-14. Compare Prand I acd 
Hess, A,, 1913, i, 81 5). Amyl orthovanadate, (OjHjijjWi, 
b. p. 161®/ 19 mm., forms the most convenient starting point toi 
the preparation of solutions of colloidal vanadic acid, w ^ 
free not only from foreign electrolytes, but 
siderable quantity of alcohols or alcoholic derivatives. 

(50 grams) is gradually added to boiling water (1 litre), and 
tion is continued until a homogeneous dark red ^ , l 

tained. After cooling, the amylene hydrate is f 

and the latter removed by passing a current of air tnroug 
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boiling solution. In the deep red solution about 7 '99% of the 
vanadic acid is dissolved in the non-colloidal form, which, however, 
is only dissociated to a alight extent. 

Chemistry of Gold. II. Auto-reduotion as a Factor in 
the Precipitation of Metallio Gold. Victor Lbnher (/. Amer. 
Ch«in- 1914, 36, U23 — 1426, Compare A., 1913, ii, 614).— 
Reference is made to the precipitation of metallic gold from 
aqueous solution by ^e action of oxidising agents^ the action being 
supposed to conspt in auto-reduction. In particular attention is 
called to the activity of manganese compounds and the geological 
importance of auto-reduction as a factor in the secondary deposition 
of gold. H, M. D. 

The Reaction in the Preparation of Colloidal Gold Solu- 
tions by the Formaldehyde Method, and the Influence of 
Carbon Dioxide on the Formation of these Solutions. 
W. Naumov (Ziitsch. anorg. Chem.y 1914, 88, 38— 48).— The pro- 
duction of a red colloidal solution of gold by Zsigmondy's method 
(A., 1898, ii, 622) is prevented by the presence of carbonic acid. 
The colloidal solution may also be prepared by Menz's method if 
carbon dioxide is removed by boiling (A., 1909, i, 133). A red 
colloidal solution once prepaid, however, is not Stored by passing 
a stream of carbon dioxide through it. 

The potassium carbonate in the preparation may be replaced 
by potassium hydroxide. The first reaction is the formation of 
gold hydroxide, which is then converted into an aurate. The equa- 
tions HAuCl4-H2K200g-bH20=Au(0H)3-|-2C02-l-4KCl and 
2 Au(OH)8 + :^C03 = 2EAu02 + 3H2O -p CO2 
are confirmed by determinations of the quantity of carbon dioxide 
evolved. 

Stable, red solutions may also be prepared by reducing potassium 
aurate with formaldehyde. C. H. D. 

Platinum. A. Gutbihe, F. Krauss, and L. yon Miller 
{Ckem. Zenir.f 1914, i, 1162 j from Sitzungsber. physikal.-med. Sozi. 
Erlangen, 45, 25—30). — In continuation of the previous work on 
substituted ammonium platinibromides (A., 1911, i, 32), the 
authors have investigated the corresponding alkali salts. Prepara- 
tion is effected by addition of a solution of the pure alkali bromide 
to an aqueous solution of hydrogen plafcinibromide and crystallisa^ 
tion of the precipitates from dilute hydrobromic acid. The salts 
are thiB readily purified, and crystallise in regular octahedra. The 
wlubility in water and dilute hydrobromic acid decreases with 
increasing molecular weight. The solutions are red, and become 
pure yellow on dilution with water. They are readily decomposed 
by hydrazine hydrate with precipitation of platinum and evolution 
or nitrogen. 

A deep carmine-red solution of pure hydrogen platinibromide is 
prepared by converting chemically pure platinum into the chloride, 
repeatedly evaporating this on the water-bath with highly couoen- 

45—2 
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fcrated hydrobromic acid, and then treating it similarly three or 
four times'with hydrobromic acid containing bromine. The resid^^ 
is dissolved in moderately dilute hydrobromic acid and filtered. 
Ammonium platimbromidef (NH^PtBr^, is dark brown. Xhe 
corresponding ^potassium and rubidium swts are dark brown and 
reddish-yellow respectively, and obstinately retain tracses of water. 
The caesium salt is reddish-yellow, H. "W. 


Mineralogical Chemistry, 


Sulphur-containing Oil extracted from the Schists of 
Saint Champ. Dehbsse and R^aubourg (Bull. Soc. chim ., 1914, fiv], 
15 625—627).— Analysis of this oil gave the following results: 
G=^77'3, H— 9*2, 0(by difference) = 1*14, N = 0'37, S= 11-99^. 
Sulphonation and neutralisation with ammonia convert it into a 
mixWe of sulpho-derivatives similar to those employed therapeuti- 
cally under various trade names. A. J. IrV. 


Minerals from the Island of Nisiro (.ffigean Sea), tumm 
Grill (Mem. R. Accad. lincei 1914, [v], 10, 14-23).-The specimeoB 
of sulphur, haematite, quartz, garnet, pyroxene (diopside), spinel, 
and calcite here described are, like the Island of Nisiro, of volcanic 
origin. Octahedral hasmatite was found in homogeneous crystals, 
which are of uniform specific gravity and consist wholly of ferric 
oxide i these crystals cannot, therefore, be pseudomorph^ ^ is 
probably the case with the martite from Brazil. T. E. P. 


Minerals from the Pegmatites of Ambatofotsikely, Mada- 
gascar L. Duparc, R. Sabot, and M. Wundeb (Bull. Soc . fm ^ 
Afift., 1914, 37, 19 — 30 ).— Spessartite (analysis I) is formed as small, 
brownish-yellow, transparent fragments, and as inclusions in mar 
tite. Gahnite (II) as greenish-black fragments with vitreous Imtre 
and hardness 8 ; regarding some of the iron as 
is calculated as 90-6(AljO3.ZnO),8'6(Al2Os,r^),0-9(Fe8O3,MB0). 
Ilmeuite (ni) as fragments uitli brownish-black colour and b 
black streak; it is feebly radioactive. Ked-ochre (IV), ,, 

compact; completely soluble in hydrochloric acid ’ 

black residue. Zircon (V), a large, dairk brown crptal (8x4 cmj. 
Hamatite (VI) occurs as large plates in schists a,t B«teimby, p 
Mevatanana, and is remarkable in being strongly magnetic 
laterites derived from these schists are washed for g a 
platinum metals, and hiematite, together with “apietite, ^ 
Llk of the black residual sands. The hmmatite wd magnet 
were examined for gold and platinum, hut with nega i 
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SiOj. 

TiOa. AI3O3. 

^^ 203 . 

FeO. 

I. 86-31 

0-16 

iv.§ 

Y.t 28-46 

— 20-89 

1-26 

15-02 

— 64-92 

4-80 

— 

51-32 ~ 

2-10 

42-38 

0’14 2-66 

86-60 

1-41 

— — 

0-05 

— 

VI. .0‘25 

0-83 — 

99-63 

0’63 

* Also ZnO, 39-86. 

t Also UjOg, O' 
X Also ZrC 


MnO. 

CaO. 

MgO. 

Total. 

Sp. gr. 

25-24 

0-83 

0-16 

99-20 

4-1577 

0-33 

— 

— 

99-91 

4-6024 

3-37 

— 

— 

100-53 

4-7106 

— 

— 

— 

100-46 

4-1698 

0-18 

— 

— 

100-48 

4-5834 

trace 

— 

trace 

101-34 

6-1726 


20. § Also lost on ignition, 7 '80. 

2, 71 '80. 


L. J. S. 


Lublinite, the Monoolinic Modification of Calcium Carbon- 
ate. Richabd Lang [Jahrh, Min, Beil 1914, 38 , 121—184). 

'• Rock-milk ” of a milk-white colour and with & texture resembling 
that of mould or cotton-wool occurs as a coating in crevices in the 
calcareous tufa of the Diemen valley, near Eorb, in Wiirtemberg. 
Under the microscope it is seen to consist of a mass of minute, 
capillary crystals, which are determined as monoclinic with refrac- 
tive indices, a=r48, ^ = 1’54, and y = r66 approximately. It has 
D 2'65, and the material acquires a lilac colour after treatment 
for about twenty minutes with cobalt nitrate solution. The follow- 
ing analysis shows the material to be anhydrous calcium carbonate : 

Fe^Os and Loss at Loss on 

CaO. SiOa- AI 2 O 3 . MgO. 100^ ignition. Total. 

5560 0*19 0*19 0-10 O'Oi 44-02 100-14 

A detailed review is given of the literature relating to the differ- 
ent forms of calcium carbonate (compare A., 1909, ii, 492; 1911, 
ii, 121), and of their different behaviour with colouring reagents. 
The modifications recognised are: biitechliite (amorphous), calcite 
(rhombohedral), aragonite (orthorhombic), vaterite (feebly bire- 
fringent), and lublinite (raonoclinic). L. J. S. 


Barthite, a Zinc Copper Arsenate from German South-West 
Africa. M. Henglbin and W. Meigen {Centr. Min., 1914, 
353—355). — This new mineral occurs as grass-green, crystalline 
crusts or quartz crystals in cavities in red dolomite from Guchab, in 
the Otavi valley. The crystals are optically biaxial, and probably 
monoclinic. 4' 19; hardness 3. The following analysis gives the 

formula : 3Zn0,Cu0,3A%05,2H20, or, written as a meta-arsenate, 
3Zn(As03)2,Cu(OH)2,H20, showing the mineral to be distinct from 
vftszelyite : 

CuO. ZaO. A82O5. P3O5. Insol. Total. 

8*5 23*3 64-0 I'O 3-2 M lOM 

L. J. S. 

Augite from Bail Hill, Dumfriesshire. Alexander Scott 
(Min. Mag.y 1914, 17 , 100 — 110). — Sharply developed crystals of 
black augite are found loosiely embedded in andesitic tuffs at this 
locality. The crystals are simple or twinned, and show a peculiar 
curvature of the faces, and also “ hour-glass ” and zonal structures, 
lie different sectiOrs of the crystals show differences in optical 
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characters (refractive indices are given), and no doubt they 
in chemical composition, probably in the relative amoiin^^' 
titanium dioxide present, since this “hour-glass*' structur 
typical of titanaugites. It was, however, found iiJapracticable T 
separate the sectors for analysis; a bulk analysis of the cryst^ 


CaO. 

22-n 

Sp. gr. 
3-291 

J. s. 


gave: 






S 1 O 2 . 

TiOa- 

AlaOa. 

FcgOj. FeO. 

MnO. 

MgO. 

45-66 

2-16 

3-53 

8-78 4*16 

0-19 

9*34 

NaaO. 

KjO. 

H 20 >no 

“. HjO< 110 “. 

PA. 

Total. 

1*50 

0-26 

1*37 

0*61 

trace 

99-73 


Prebnite from Baffin Land, Arctic Canada. Robt. a i 
Johnston (Victoria Mcmorud Museim, Gtol. Survey ^ Canada, Bull 
No. 1, 1913, 96 — 98). — Pale green, translucent prehnite iutimatelv 
intermixed with calcite and quartz forms small veins in shale near 
igneous intrusives at Adams Sound on Admiralty Inlet. Analyais 
of material separated as far as possible from qns^ gave: 

SiOg. AI 2 O 3 . ^ 6303 - CaO. H 2 O. Total. Sp. gr 

44-35 19-44 6*68 25-50 4*00 99*87 2*924 

The excess of about 4*38% silica probably represents admixed 
quartz. On account of the high content of iron, this variety of the 
mineral is called ferroprehnite. L, J, g 


A New Alteration Product of Serpentine. Lauea Hezner 
(Gcntr. Min.f 1914, 386 — 388), — ^The materiai is an alteration product 
of a serpentine rich in chromite, and comes from Macedonia. In 
its lilac colour it resembles the Tasmanian mineral stichtite (of 
W. F. Petterd, 1910; compare A., 1912, ii, 1061), but it differe 
from this in being compact; under the microscope it is, however, 
seen to be scaly in texture. Analysis gave : 

HjO H2O 

SiOj. AI 3 O,. CtaOj. FeO. CaO. MgO. >110“. CO^. Total. 

31-32 3-87 11-53 1*63 M5 36*64 0*23 11*09 3*08 100-54 

Deducting admixed carbonates and chromite, the formula sug- 
geeted is: 

29E2Mg3Si208,9Mg(0H)2,21(Cr,Al)(0H)8. 


Occurrence of Tourmaline in the Serpentine of the Urals. 
L. Dupakc and H. Sigo (Bull. Soc, frant^, Min,, 1914, 37, U^19)- 
Badial aggregates of black needles and prisms of tourmaline occw 
embedded in serpentine near a limestone contact at Sewersky, id 
the Syssert mining district, southern Urals. The antigoriK 01 
which this serpentine is normally composed, is here replaced ty 
chlorite with biotite and in places large plates of muscovite, tiie 
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rock 


being, in fncfei altered by the same pueumatolytic agente which 


) rise 
Si02. 
38*72 
tijO. 
traces 


to the tourmaline. Analysis of the tourmaline gave ; 
TiOg. AlA- fesOs. FfcO. McO. CaO. MgO, 
2*B2 29*19 4*99 B*14 0-40 1*70 7 *97 

KgO. N 83 O, BaO^ F. HgO. Total. 

0-22 1*04 8-73* 0*50 2*40 98*62 

* Probably aomewhat low. 

L. J. S. 


The Mineralogical Constitution of the Shetlands of the 
South. E. Goubdon (Gompt. rend., 19U, 168, 1905—1907. Com- 
oare author has made a mineralogical 

study of Bridgman Island, Deception Island, and Admiralty Bay 
m the South American Antarctic. Analyses of the following rocks 
have been made, and the results are quoted: (a) trachy-andesite 
from Deception Island ; (6) the same ; (c) andesite with hypersthene 
from Admiralty Bay; (d) andesite from Deception Island; 
fe) labradorite from Deception Island; (/) doleritic basalt from 
Deception Island; (^) labradorite with olivine from Bridgman 


Island : 




d. 


/. 



a. 

h. 

c. 

c. 


SiOs 

.. 69*01 

67*71 

67*30 

60*62 

63*80 

49*84 

54*24 

AiPa .... 

14*21 

14*65 

17-97 

16*22 

17*62 

19*37 

17*20 

FooOj .. . 

2*23 

1*69 

2*17 

1*76 

2-58 

3-42 

2*81 

Feb 

2*89 

3*29 

3*79 

6*67 

6*07 

3*69 

4*98 

MgO 

CaO 

0*62 

0*85 

2*57 

1*62 

4*39 

4*71 

6*84 

2-11 

2*34 

6*72 

4*18 

9-22 

12*35 

10*19 

Na.O .... 

6*80 

6*09 

3*25 

6-2.5 

4*15 

2*50 

2*91 

Kp 

2*07 

1*99 

0*96 

1*20 

0*75 

0*87 

0-92 

TiO., 

0*58 

1*00 

0*56 

1*54 

1*65 

1*32 

0*91 

pp; 

0*12 

0*16 

0*20 

0*24 

0*36 

0*11 

0*09 

HP 

0*09 

0*16 

4-26 

0-56 

0 00 

1*79 

. 0*09 


100*23 

99*83 

99*75 

99*86 

100*29 

99*97 

100*18 

W, G. 


Optically Uniaxial Augite from Mull. A. F. Hallimond 
with an analysis by E. G. EiDLEV (Min. Mag y 1914, 17, 97 — 99). — 
Tlie mineral occurs as minute phenocryste in a dark, glassy, magn^ 
iite*beariag rock near Pennygael. It is remarkable in being practi- 
cally optically uniaxial, to = 1*714, e = 1*744 (Na); extinction-angle 
on the prism cleavages, 30J°. D^"^ 3*44. Analysis gave: 


SiO,. 

TiOa- 

AlA- 

FeAa* 

FeO. 

MdO. 

CaO. 

49*72 

0*85 

0*90 

1*72 

27*77 

HA 

0*9S 

HA 

3*80 

MgO. 

K 2 O. 

NaA 

LiA' 

at 106°. 

>105“. 


12*69 

0*12 

0*23 

trace 

0*08 

1-27 

100*18 

L. J. S. 


-fflgirite and Babingtonite. Silvia Hillbbeand (IkcA. Min. 
Min., 1913, 32, 247— 264).— Analysis of a pure crystal of aegirite 
(containing nob more than about 0*01% impurities) from Brevig, 
Norway, gave I, corresponding with a mixture of the molecules 
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NaFe'^SisjOj 


NaAlSijOe (3'5%), and NaFe'"Ti 204 (1-2%) ; 


(7'3%), CaMnSLO, 




SiOa- TiOg. AlgOg. FtfgOg. FeO. MnO. CaO. MgO. NagO. HjO. Total R 

I. 51-08 0-66 0-80 29-30 2-29 Ml 2 54 trace 11-60 1*04 100 -qo 

II. ♦ 62*57 — — 15-03 6-ei 6*62 19*85 trace trace — lOO-Qg 

* Also traces of KgO^LijO. ^ 


Pure crptals of babingtonite from Arendal, Norway, gave T7 
corresponding with a mixture of the molecules Ca^SinOV 
Mn^SiA (15%), and F 6 "Fe,'"Si 208 (32%). The presa^rof I’ 
last of these molecules (analogous to anorthite, CaAlgSigO ) rec H 
the comparison made by Dauber in 1855 between the cmtall 
graphic constants of babingtonite and anorthite. ^ 

Both aegirite and babingtonite are only incompletely decomposed 
by hydrochloric acid acting during three months at 60°; 
minations of the composition of the silicic acid so isolated gave n 
very definite results. j g 


Analytical Chemistry. 


0aa Analysis Apparatus. G. WenPE (Ch^m, ZtiL, 19U, 33 
794).~Th© measuring burette is connected at its upper end through 
a six-way tap with a series of absorption vessels; rubber connexions 
are not employed^ all the joints being fused. The burette and 
absorption vessels are provided with jackets and the six-way tap 
with a mercury-seal ; a device is fitted at the top of the gas resenoir 
for preventing mercury passing into the burette. W. P. S. 

Manostat for TTae in Gas Analysis. Harvey N. Gilbert 
{J, Ind, Eng, Chem.^ 1914, 6 , 585 — 686). — In the combustion of gases 
confined over mercury in a pipette, the level of the mercury mav 
be kept constant by fixing the mercury reservoir on a support 
carried on two pivoted parallel arms fixed to a vertical rod; a 
coiled spring, suspended from the upper part of the rod, is attached 
to an adjustable point on the lower arm, so that the vertical 
distance through which the support and reservoir move can be 
regulated to balance the height of the column of mercury which 
has left the pipette. W. P. S. 

The Preparation and Properties of “ Lacmosol,” the 
Sensitive Constituent of the Indicator, Lacmoid. R. Hot 
TiNQEB {Biochem, Zeilack., 1914, 65, 177 — 188). — The ordinary oom 
mercial preparations of lacmoid contain only about 20 % of 
“ lacmosol,’^ which is the constituent to which the indicator owes 
its distinctive properties. This constituent can be prepared in the 
following way. Ten grams of resorcinol are heated with 2 c.c. of 
concentrated sodium nitrite solution for forty minutes at about 
105° (bub not above 110°). The product is then thrown into 
least one litre of concentrated sodium chloride solution acidified 
with hydrochloric acid. The precipitate, aifter washing with couceii- 
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Tate<i solution, is purified by dissolving in ammonia and 
recipitating with md (in concentrated salt solution). This 
jrecipitato is then dissolved in a small quantity of acetone or 
Icohol^ and the solution thus produced is thrown into about thirty 
inies the volume of ether. The “ lacmosol remains in solution, 
fbereas the non-essential substamces are precipitated. It is soluble 
n ether, and can be finally purified by extraction with this solvent 
n a Soxhlet apparatus. The tiirning point of the pure indicator is 
ar sharper than that of the ordinary preparation. It possesses 
1 violet colour at the [H*] concentration 1 x 10“®. S. B. S. 

picric Acid for Standardisation Purposes. Otto Pfeiffer 
lixlith. angew. Ohm., 1914, 27, 383). — The use of pure picric acid 
or the standardisation of iodine and acid and alkali solntiona 
iivolves in the latter case, according to Sander’s method (A., 1914, 
i, 482), the comparison of the picric acid solution with the mineral 
jcid by means of a mixture of iodide and iodate, and a thiosulphate 
lolution. Preferable to this indirect method is the standardisation 
)f an alkali solution by direct titration with the picric acid, using 
limefchylaminoazobenzene as indicator. The alkali must be run 
nto the picric acid solution, and an extremely delicate end-point is 
>btained by observing, not the colour of the whole solution, hut 
he local brightening in colour which is produced by each drop of 
ilkali solution as it falls, so long as the slight^t trace of picric 
\cid remains unneutralised. G. P. M. 

Detection of Halogens in Benaoic Acid. E. Wende (Chm. 
^entr„ 1914, i, 1302; from Apoth, Zeit, 1914, 29, 157).~A quantity 
)f about O'l gram of the fienzoic acid is heated with 0‘5 gram of 
/ellow mercury oxide; the mixture is then boiled with 10 c.c, of 
lilute nitric acid, filtered, and the filtrate is tested with silver 
litrate solution. W. P. S. 

Effect of Ferric Salts and Nitrites on the o-Tolidine and 
Starch-Iodide Tests for Free Chlorine. J. W. Ellms and S. J. 
[Tauser(/, Ind. Eng. Ghem., 1914, 6, 553 — 554. Compare this vol., 
i, 66), — The presence of ferric salts, nitrites, or any oxidising 
substance, interferes with these tests for free chlorine, the starch- 
odide test being affected to the greater extent. In using the test 
}are should be taken to ascertain that the coloration produced is due 
to chlorine, and not to other substances. W. P. S. 

Methods of Estimating Chlorine in Urine. H. Rog^e {Chem. 

1914, i, 1221 ; from Apoth. Zeit., 1914. 29, 150 — 161). — Of 
parious methods examined, thoee described by Volhard and by Bang 
(estimation of the chlorine by Mohr’s method after the removal 
purine bases by blood charcoal) were found to be trustworthy. 
Mohr’s method, however, yielded correct results only in the case 
M neutral albumin-free urines. Weisz’s method, in which an 
“ipparatus called a chlorometer ie used, gave lo\y results. 
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Detection of Iodine in Urine. Ebdmann iChtm, Ztntr 

i, 1221 ; from Schvoeiz. Apcth. Ztii,y 1914, 62, 93 94).^^ ’^ 

proposed by Loeser, depending on the formation of ydlow 
chloride when a urine containing iodine is treated with mer 
chloride, was found to be capable of detecting the 
0*01% of iodine in urine, but not 0*005%; the latter qua^!*/ 
however, showed a distinct reaction when the urine was tr f i’ 
with chlorine water and chlorofoijn. Barth’s test for 
in milk (A., 1913, ii, 1069) fails in the case of milks which ^ 
been heated for a long time at 60° or higher. p 

Physiology of the Thyroid. III. Additions to the Metf j 
of Iodine Estimation. F. Blum and E. GeOtznkb (Zeitsch «/ ■ , 
Chm.f 1914, 91, 392—399. Compare A., 1913, ii, 722).— Experfe*^ 
in the use of the method of estimating iodine in products of animal 
origin (loc, cit.) leads the authors to recommend certain procedu^ 
here described, especially in regard to the incineration of n 
material. E V 


Blacher's Method of Estimating the Hardness of Water 
Julius Zink and Fbiedeioh Hollandt { Zeiisch , angew . Chem 1911 
27, 437—440. Compare A., 1908, ii, 897; 1913, ii, 982).-T]ji5 
method was found to be trustworthy for the estimation of hard- 
ness, and also of sulphates, in water. W. P g 


Disturbing Effect of Colloids in the Determination of 
Hardness by Clark's Method. J. D. Ruts (Ohm. WeekUad, 
1914, 11, 599 — 602). — Determinations of the hardness of water 
containing gelatin have proved that 5—10 milligrams of tMs 
substance per litre lower the apparent hardness by about S'S®, and 
10—25 milligrams by about 7*5°. The author considers that ik 
presence of colloids renders Clark’s method wholly untrustworthy 

A. JW.’ 


Improvement of the Barium Sulphate Estimation of Sulphnr 
in Soluble Sulphates when Sodium Salts are Present. IV. A, 
Turnke (Am^, J. Sci., 1914, [iv], 38, 41 — 44). — The effect of sodiom 
salts on the precipitation of barium sulphate may be eliminated 
by carrying out the estimation as follows: The substance, equiva- 
lent to about 1 gram of barium sulphate, is dissolved (after fuaion, 
if necessary, with sodium carbonate and sodium peroxide) in a 
small quantity of water, and the solution is treated with five times 
its volume of concentrated hydrochloric acid. The precipitated 
sodium chloride is collected on an asbestos filter, washed with 
hydrochloric acid, and the filtrate evaporated to dryness after the 
addition of water. The residue is dissolved in water, 1 c.c. of 4^ 
hydrochloric acid is added, the solution filtered, diluted to 350 c.c., 
heated to boiling, and a slight excess of barium chloride is added. 
The mixture is placed on a water-bath for some hours, and tb 
barium sulphate is then collected and ignited at a low red heat 

W. P. s. 
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A Volumetric Method for the Estimation of Total Sulphur 
0 Crine. G. W. Raiziss and H. Dubin {/. Biol. Chm., 1914, 18, 
297 ^ 303 ).— The method proposed by the authors is a modification 
f one pui" forward by Ben^ict (A., 1909, ii, 827 ; compare also 
Rosenheim and Drummond, this yol., ii, 485). After oxidation, the 
olphur is piecipitat^ as benadine sulphate, and the benzidine in 
Lj is estimated by titration ^th potassium permanganate in warm 
acid solution. The time required for the carrying out of the new 
ethod is Ye:^ much less than what is required by the original 
Benedict process, and it has the further advant^ that much 
smaller amounts of sulphur may he accurately estimated. 

H. W. B. 

Volumetric Estimation of Sulphates. Hobace I7obth (imer. 
J Thar'ra.i\^\^i 86 , 249 — 256). — A modification of Hinman's Wium 
chromate method, which enables the process to be used in the 
presence of the ions Li, Na, K, Cfu, Mg, Ca, Sr, Zn, Cd, 

Hg Al, Ni, Co, Cl, PO 4 (little), B 4 O 7 . Iron and chromium should 
be 'absent. The solution (about 0*16 gram of SO 4 ) is placed in a 
100 c.c. flask, dilu^ to 30 c.c., and sufficient hydrochloric acid 
(D ri2) is added f^Skve 4 c.c, of free acid present. The liquid is 
heated to boiling, and 20 c.c. of iV/S-barium chloride are added; 
then, after again heating to boiling, 10 c.c. of i7‘potassium dichro- 
mate. After rinsing the neck with 10 c.c. of water a mixture 
of 15 c.c. ammonia (D 0*98) and 2 c.c. of 36% acetic acid is added 
drop by drop with constant shaking. After cooling, the whole is 
made up to the mark, and, after filtering through asbestos, 40 c.c. 
are titrated iodometrically for chromic acid with il^/lO-thiosul- 
phate as usual. The difference in chromic acid found between this 
result and that of an experiment without addition of sulphate 
represents the sulphuric acid. L. de K. 

New Method of Estimating Thiosulphate and Sulphite in 
Presence of One Another and also Aluminium and Gluoinum. 
V. N. Iyanov (/. Uus$, Pkys. Chem. Soc.i 1914, 46, 419 — 427). — The 
method recommended hy Bodnar (this vol., ii, 67) for estimating 
thiosulphate and sulphite, when present together, gives good results 
only with very small proportions of thiosulphate. The method now 
proposed hy the author is based on the varying oxidisability of the 
two kinds of salts, and exhibits an accuracy of 0‘25 — 1%. 

No oxidation of sodium thiosulphate occurs when its solutions 
are boiled for five minutes, and a current of air passed through 
for fifteen minutes, whereas sodium sulphite is practically com- 
pletely oxidised (99%) under these conditions. In the presence of 
even small proportions of thiosulphate, however, the oxidation of 
sulphite is very considerably retarded. The author therefore uses 
potassium iodate as oxidising agent, the procedure being as follows. 

An exact weight of 6 — 10 grams of the mixture is dissolved in 
^■ater, and the solution carefully neutralised with ^ 1 % sodium 
carbonate solution and made up to 500 c.c. Of this liquid 20 c.c. 
are measured into each of two Erlenmeyer flasks of 250 — 300 c.c. 
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capacity, on© portion being mixed with 100 c.c. of water 
titrated directly with iV'/ 10 -iodine solution in presence of 
The second portion is mixed with 100 c.c. of water, 10 c.c 
pota^ium iodat© solution, and 10 c.c. of 1 % potassium L 
solution, the flask being then covered with a watch-glass and it 
overnight (seventeen hours), and the liquid titrated with iV/in 
iodine solution. The volume of iodine solution employed in tt 
second case corresponds with the amount of thiosulphate presft 
whilst the difference between the volumes required in the two ^ ’ 
gives the amount of sulphite. * 

When the proportion of thiosulphate present is small, this meth h 
gives accurate results for the sulphite, but low results for the thi” 
sulphate. It is therefore advisable to heat 20 c.c, of the 110111 ^ 
diluted as described above, on the water-bath for half an hour^and 
to titrate the cooled liquid with iV/ 10-iodine solution. If 
amount of the latter required does not exceed 0*5 c.c., the author’s 
method for estimating the thioeulphate should be replaced by that 
of Bodnar {loc. cit.). 

Experiment shows that the hydrolysis of aluminium and glucinum 
salts proceeds in presence of thiosulphate, a method for esti- 
mating these salts has been devised in accord A&e with the reactionR 
expressed by the equations : 

Al2(S04)3 KlOg + 5KI + eNagSsOs^ 

Al 2 (OH)g -I- 3 K 2 SO 4 3 Na 2 S 40 j. 4 - 6 Nal 
and 3 GlS 04 -fKI 0 s-h 5 KI + 3 H 304 - 6 Na 28 ^ 3 = 

3Gl(OE[)g-l' 3 K 2 SO 4 + 3Na2S40Q-f-6NaI, 
A weight of the substance containing not more than I'H grams of 
AI 2 O 3 is dissolved in water to 500 c.c. To 10 c.c. of this solution, 
placed in a 250 — 300 c.c. Erlenmeyer flask, are added 100 c.c. of 
water, a mixture of 10 c.c. 3% potassium iodate solution, and 10 c.c. 
1% potassium iodide solution, and, from a burette, 40 c.c. of 
A/ 10-sodium thiosulphate solution. The flask is covered with a 
watch-glass, and the liqnid boiled for not more than five minutes; 
the excess of thiosulphate in the cooled liquid is then estimated by 
titration with A/lO-iodine solution; 1 c.c. of the latter corresponds 
with 0*001704 gram AI 2 O 3 or 0*001255 gram GIO. Tests madewitli 
alum and with glucinum sulphate show that the method gives satis- 
factory results. When this method is applied to the analysis of 
clay containing free acid and admixtures, such as compounds of 
zinc and iron, these should be estimated and the proportion of 
alumina found suitably corrected: 1 c.c. of A/ 10 -iodine solution 
corresponds with 0*002661 gram Pe^Og, 0*003592 gram PeO, 
O' 005086 gram ZnO, 0*001703 gram NHg, or 0*004905 gram H 2 SO 4 . 

Detection of Very Small Quantities of Selenious Acid in 
Sulphuric Acid. Ernst Schmidt (Arch. Pharm., 19U, 252, 
161^ — 165). — Concentrated sulphuric acid containing about O‘25o 
of selenious acid has long been recommended as an alkaloidal 
reagent, particularly for morphine and codeine, with each of which 
it yields a blue and finally an olive-green coloration. Meyer and 
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Jandek (A-, 1913, ii, 788) and Meyer and von Gam (this vol,, ii, 
5 t) describe methods whereby the presence of 0-002% of selenium 
dioxide can be detected, but the following process will detect 
0 0005% of selenious acid. One c.c, of 0-1% aqueous selenious acid is 
with 200 c.c, of pure sulphuric Scid; 10 c.c. of the mixture 
afld 0‘0l gram of codeine phosphate produce a distinct green colora- 
tion after one minute, and a bliush-green coloration after fifteen 
minutes. Even 1 c.c. of the mixture produces the same colour 
phenomena. When the dilution of the selenious acid is diminished 
to 0 0001% the colour reactions can be observed with sufficient 
sharpness against a white surface, and in comparison with a solution 
of about O’Ol gram of codeine phosphate in 10 c.c, of pure sulphuric 
acid. The preceding process is not applicable when the sulphuric 
afid contains iron (for example, 1 drop of ferric chloride in 10 c.c. 
of sulphuric acid), but is not influence by sulphurous acid, and is 
onlv retarded, not vitiated, by the presence of teUurous acid. 

C. S, 

Estimation of Nitrogen in Guncotton by means of the 
Nitrometer. E. G. Beckett {J. Soc. Chem, Ind., 1914, 33, 
628—631). — The ordinary nitrometer method of estimating nitrogen 
in guncotton (shaking with sulphuric acid and mercury) yields 
trustworthy results. The 111 — 115 c.c. of gas evolved from 0‘51 
(Tram of guncotton contain about 0'4 c.c. of carbon dioxide plus 
sulphur dioxide, 0*3 c.c. of carbon monoxide, and O' 6 c.c. of nitro- 
geu; the residual sulphuric acid contains nitrogen equivalent to 
0 75 c.c, of nitric oxide. The 15 c.c. of 96*5% sulphuric acid 
employed were found to contain about 0*4 c.c. of nitrogen gas, of 
which O' 35 c.c. was evolved during the estimation. The errors 
introduced by these impurities thus balance one another. A modi- 
fied method sometimes employed, in which 1 c.c. of water is added 
to the 15 c.c.' of sulphuric acid, gives sHghtly higher results than 
the above method, the increase in the volume of gas evolved being 
caused by the presence of a larger quantity of carbon dioxide plus 
cjirbou monoxide plus sulphur dioxide in the nitric oxide, and is 
due to the heat produced by the addition of the water to the 
sulphuric acid, and not to the us© of more dilute acid. W. P. S. 

Estimation of Nitrogen in Norwegian Saltpetre. N. Busvold 
{Chem. ZtiL, 1914, 38, 799 — 800). — The method recommended consists 
in reducing the nitrate with Devarda’s alloy in alkaline solution, 
and estimating the resulting ammonia by distillation. A current of 
air is drawn through the apparatus (distillation flask, condenser, 
and receiver) during the distillation, and towards the end of the 
operation the flame is removed, the apparatus is closed, and allowed 
to cool. A low pressure is thus produced, and air is then again 
admitted and the distillation continued for a short time. Owing to 
the hygroscopic properties of calcium nitrate, a large quantity of the 
sample should be weighed out, dissolved in a definite volume of 
water, and portions of this solution used for the estimation. 

W. P- S. 
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The Evolution of Nitrogen in the Action of Sodiura R 
bromite on Carbamide in a Vacuum. 0. Alberto Garua 
Soc. ohim., 1914, [i?], 16, 674— 575).— Working with solution^ j 
carbamide of var^ng coi^ntrations the author has obtaine<j ■ 
all cases, almost the theor^cal quantity of nitrogen evolved 
action of sodium hypobromite, provided that the reaction t 


in a vacuum. He explains the low results usually obtained 
method as due to solution of a portion of the nitrogen in the w f * 
used as solvent. W Q 


Eetimatiou of Amino- Acid- and Polypeptide-Nitrogen b 
Barley, Malt, and Beer. Ludwig Adler [with Ruckdesch^ 
{Chem. Zenir.f 1914, i, 1629 ; from Zeitsch. gee, Brmweaen, I 914 3J 
105 — 108, 117 — 121, 129 — ^^133). — Sorensen’s formaldehyde methoi 
(A,, 1908, 1 , 115) was found to be trustworthy for the estimation 
of amino-acids and polypeptides in materials used in brcwiug-h 
affords a means of ascertaining the protein decomposition reactions 
taking place during germination and mashing of the malt. Tk 
amount of pre-formed amino-substances in malt is about 38*5% of 
the quantity of total soluble nitrogen ; this amount increases when 
the malt is steeped in water. W. P. S. 


Estimation of Protein-ammonia in Water. L, W. Winklu 
{Zeitach. angew. Ckem.y 1914, 27, 440). —One hundred c.c. of the water 
are acidified with 1 drop of concentrated sulphuric acid, about 
0*06 gram of potassium persulphate is added, the solution is heated 
on a water-bath for fiftwn minute, cooled, and treated with 5 c.c. 
of a mixture consisting of equal volumes of Nessler’s reagent and 
sodium potassium tartrate solution. The coloration obtained k 
compared with that produced by adding a definite quantity of 
ammonium chloride to 100 c.c. of the water previously treated with 
1 drop of sulphuric acid, 0*06 gram of potassium persulphate, and 
5 c.c. of the mixed reagent. W. P. S. 

Availability of Nitrogen in Kelp. John A. Cullen (J M , 
Eng, Chem.^ 1914, 6 , 681 — 582). — In the estimation of available 
nitrogen in kelp trustworthy results are obtained by the alkaline 
permanganate method only when a quantity of the latter is 
employed sufficient to oxidise the whole of the organic matter 
present. W. P. S. 

Beaotions of Nitrates with Formic Acid and the Analysis 
of Nitrates. TJgo Molinari {Chem, Zentr,, 1914, i, 1221 — 1222 ; 
from Slaz. sperim, agrar, itcU., 1913, 47, 24 — 32). — The method 
proposed by Quartaroli (A., 1911, ii, 1085) yields the best results 
when 95% formic acid is used for the decomposition of nitrates 
and when the reaction takes place in a Schiff’s nitrometer, M 
in no case are the results trustworthy; the results obtained with 
potassium nitrate are from 91*33 to 94*55% of the quantity present, 
and with barium nitrate from 89*97 to 92*72%. The reaction do^ 
not proceed strictly according to the equation given by Quartaroli 
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(lot. * quantity of ni^c oxide is always formed, and the 
yield of thi® nitrous oxide and carbon dioxide, varies 

ffith the conditions of the experiment. W, P. S. 

The Factor for GaJcuIatioii of the Phosphorus Content 
ypben Estimated by Neumann's Method. Wolfgang Heubner 
[Siochtff*' Z 9 it$chti 1914, 64, 393—400). — In calculating the phos* 
pborus content in analyses carried out by Neumann’s method (A., 
1903, ii> 243.; 1905, ii, 68) it was found that the better resulte were 
obtained when 1 c.c. of N /2-Bodium hydroxide was regarded as the 
equivalent of 0‘565 mg. of phosphorus instead of the theoretically 
calculated quantity 0-553, S. B. S. 

Estimation of Phosphorus in Biological Material. A, E. 
Taylor and C. W. Miller (/. Biol. Ghmi., 1914, 18, 215—224).— 
for the estimation of comparatively large quantities of phosphorus, 
such as occur in urine, a modification of Neumann’s method is 
described, in which the ammonium phosphomolybdate precipitate is 
washed with alcohol by centrifugalisation before being dissolved in 
Ay 2-alkali. 

Minute amounts of phosphorus of the order of 0-0002 to O'OOIO 
gram are best estimated by a new colorimetric method depending 
on the colour produced on reducing the phosphomolyhdate first 
formed with phenylhydrazine. For details, the original paper 
must he consulted. With this method the authors have found that 
blood serum contains from 0'004 to 0*006 gram of phosphorus in 
Hpoidal combination per 100 c.c. of serum, H. W. B. 

Detection of Phosphorus in Bones. K. Wornee (fihm. 
Zentr., 1914, i, 1605; from Zdtich. physikal. cfiem. Vnterr., 1914, 27, 
106).— The powdered bone is heated in a porcelain crucible with 
one-third of its weight of magnesium powder, and the r^ulting 
phosphide is detected by the liberation of phosphine when the 
mixture is treated with water. W. P. S. 

Estimation of Inorganic Phosphoric Acid in the Presence 
of the Esters of Phosphoric Acid. Wolfgang Heubner {Bio- 
ihim. Zeitsch., 1914, 64, 401 — 408). — Inorganic phosphoric acid can 
be precipitated as ammonium phosphomolyhdate of normal com- 
position in the presence of 4% by volume of sulphuric acid and 
15% ammonium nitrate within six hours at 37°. Small concentra- 
tions of phytin do not interfere with the precipitation, whereas 
large quantities do. Up to a six-fold excess of phytin phosphorus 
and a concentration of this of about 0*05%, it is possible to obtain 
not less than three-quarters of the total inorganic phosphorus by 
Neumann’s method after a single precipitation. Glycerophosphoric 
acid influences the precipitation to a smaller degree than does 
Pliytin. S. B. S. 

Preparation of Neutral Ammonium Citrate. Ehmon D. 
Eastman and Joel H. Hildebrand (/. Ind. Eng. Cham., 1914, 6, 
o 77--580). — ^With the aid of the hydrogen electrode, the authors 
have developed an indicator method for the preparation of tri- 
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ammonium citrate solution. The hydrion-concentration 
solutions of this salt, D 1’09, is shown to be 10-7-4 Rn p ^ 
is used as the indicator, and this concentration is obUined i! 
use of an easily prepared colour standard, made by mixincr 
chloric acid and disodium hydrogen phosphate solution. 

Estimation of the Phosphoric Acid of Basic Slap- i. 
in Citric Acid. F. Hausswng (Landw, Jahrb., 1913, 45 
—Whilst the direct precipitation method and Lorenz’ method 
the same results with pure solutions of ammonium ohosoPJ* 
the latter method gave somewhat lower results when emoLpd 
basic slags; in the case of an abnormal slag the difference 
much as 0*58%. Popp’s iron citrate method might take the ^ ^ 
of the more elaborate method of the Verband.” It is consider? 
however, that Lorenz’ method furnishes more correct results 

N. B. J. M. 

Estimation of Carbon in Soils and Soil Extracts J w 
Ames and E. W. Gaithek (J, lid , Eng, Chm ., 1914 6 bmlZ ' 
Compare T., 1906, 89, 595).-The carbon present in mCt 
oxidised completely, and carbonates are decomposed when from 
1 to 3 grams of the soil are boiled for thirty minutes with a mixture 
consisting of 3*3 grams of chromic acid, 10 c.c. of water, and 50 cc 
of sulphuric acid (D 1*84), provided that the soil has been ground 
to pass through a 60-mesh sieve. If more water is added ih 
results obtained are too low. Carbon may also be estimated m 1*^ 
hydrochloric acid extracts of soils and in 4% ammonia solutions o1 
humus by means of the chromic acid and sulphuric acid mixture. 
The alkaline permanganate method of oxidising the carbon was 
found to give low results, P. S 

Analysis of lUuminating Gas by the Bunte Burette, 
especially the Estimation of Carbon Monoxide. E. Czako 
{Ckem. Zentr., 1914, i, 1218 j from J. Gasbelmcht., 1914, 57, 
169— 172).— Carbon monoxide may be estimated accurately in gas 
by means of the Bunte burette provided that the gas is allowed to 
be in contact for two minutes with three successive quantities of 
5 c.c. of colourless cuprous chloride solution ; the gas should not be 
shaken with the solution. When it is desired to estimate hydrogen, 
methane, and nitrogen, in addition to carbon monoxide, the slow 
combustion method is to be preferred to the absorption process, 

W. P. S. 


Condition of Carbonic Acid in the Blood. I. Method for 
the Estimation of Small Quantities of Carbonic Acid. 6, 
Quagliabiello and E. D’Agostino (Atti R. Accad, Lincei, 1914, [^\ 
23, i, 844 — 850). — The authors’ experiments show that the sources 
of error in Winkler’s method pointed out by Sorensen and Ander- 
sen (A., 1908, ii, 534) are negligible. They employ this method 
for the titration of carbonic acid, the carbon dioxide being extracted 
by a modification of Vesterberg's method (A., 1910, ii, 345), which 
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is described with a figure of the apparatus necessary, and by means 
of which the whole process can be carried out in the absence of air. 
the quantity of carbonic Acid present in 1—10 c.c. of a Q-llSiT- 
eodiujn carbonate solution can be estimated with an error of 
0-2-0'7%. R. V. S. 

the Destruction of Organic Material by the Presenius- 
gabo Method, after Preliminary Treatment with Antiformin, 
and the Estimation of Traces of Lead in Tissues Treated by 
this Method. Alexander Friedmann (Zeitsch. physiol. Chem., 19U, 
92, 46 — 52).— The antiformin is prepared by treating bleaching 
powder with sodium carbonate, filtering o5 the precipitated chalk, 
and adding sodium hydroxide. The dried, powdered tissue is 
covered with a 50% antiformin solution, and allowed to remain for 
twenty-four hours. The particles become swollen, and are then 
readily attacked by the chlorate and hydrochloric acid employed in 
the Fresenius-Babo method. 

The lead in the completely oxidised liquid is precipitated as 
sulphide, and subsequently estimated volumetrically by Xiihn’s 
method (A., 1906, ii, 493). H. W. B. 

Analysis of Bronze and Brass. Eichabd Edwin Lee, John P. 
TflicKEY, and Walter H. Fegeley (/, Ind, Eng. Ckem., 1914, 6, 
556—560). — The following is an outline of the procedure recom- 
mended, the metals being estimated in- separate portions of the 
alloy, with the exception of zinc, which is estimated in the filtrate 
from the iron if the latter is present. Lead is estimated as sulphate 
after the alloy has been dissolved in nitric acid in the presence of 
tartaric acid, whilst copper is estimated iodometrically by dissolv- 
ing the alloy in nitric acid, adding potassium hydroxide solution, 
dissolving the cupric hydroxide in acetic acid, and adding potassium 
iodide. Tin and antimony are separated by treating the alloy with 
nitric acid, and weighed together, whilst another portion of the 
sample is dissolved in sulphuric acid and the solution titrated with 
permanganate solution in order to estimate the antimony. After 
heavy metals have been precipitated as sulphides, the zinc is 
titrated in the filtrate with ferrocyanide solution, iron, if present, 
having been removed previously by treating the oxidised filtrate 
with ammonia. W. P. S. 

Investigation of Pyrophoric Cerium- Iron Alloys. Hans 
Abnold [Zeitsch. anal. Chem., 1914, 53, 496 — 503). — The method is 
aa follows: 0*5 — 1 gram of the alloy is dissolved in hydrochloric 
acid containing bromine, about 0*5 gram of potassium chloride is 
added, ^ and the silica rendered insoluble by evaporation. After 
collecting the silica, 3 — 5 grams of tartaric acid are added to the 
nitrate, and the solution is then poured into 50 c.c. of concentrated 
ammonia. After heating to 60° 15 — 30 c.c. of ammonium sulphide 
^6 added drop by drop while stirring. The precipitate, which 
may contain also copper and zinc, is collected and 
washed with warm water containing ammonium sulphide and a 

VOL. CVT. ii, 46 
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little ammonia, also some ammonium tartrate; it is then bumf 
oxide and weighed, and then submitted to further analvsi 
copper and zinc, etc, ^ 

The filtrate from the iron is evaporated in a Kjeldahl flask 
the residue evaporated with 10 c,c. of concentrated nitric acifl 
2 grams of potassium chlorate, which operation is then repeaw 
with another 10 c.c. of acid and 1 gram of potassium chWaf^ 
this completely destroys the tartaric acid. The residue is ti ' 
disaolved in acid water, and the cerium precipitated as usual witE 
oxalic acid. After destroying the excess of oxalic acid with uitn 
acid, etc., and removing traces of antimony with hydrogen sulphid' 
any alumina is recovered by precipitation with ammonia. 

h. DE 1 

Mioroohomical Detection of Aluminium and Its Distribution 
in the Vegetable Kingdom. Ernst Kratzmahn (Ghm. Zmr 
1914, i, 1459 ; from Pharm, Posty 1914, 47, 101—102, 109-^1 13 ) J 
Characteristic crystals of caesium alum are obtained when a drop of 
a solution containing an aluminium salt is mixed on a microscow 
slide with a drop of a reagent consisting of equal volumes of a 
2 mol. caesium chloride solution and an 8 mol. sulphuric add 
solution. As little as O' 001 mg. of aluminium nitrate may be 
detected by the test. Plant ashes may be tested directly, but the 
addition of sulphuric acid is recommended when much calciuo 
carbonate is present. The crystals are also obtained when sections 
of plants are treated with the reagent. Aluminium is of ven 
frequent occurrence in plants, but the “alumina grains” men- 
tioned by Radlkofer and Wehnert as being present in the leaves of 
Sy mplocmt 'could be identified as aluminium compounds only in the 
case of S, lanceolata and S. poly stocky a. W. P. S. 

Colorimetric Ilstimation of Small Quantities of MaDganese 
in Water. H. I^hriq {Chem. Zeit.j 1914, 38 , 781 — 783. Compare 
(this vol., ii, 492). — Quantities of manganese amounting to less than 
1 mg. per litre may be estimated accurately by treating 100 c.c. of 
the water with 3 c.c. of nitric acid (D 1*40) and an amount of 
silver nitrate more than sufficient to precipitate the chlorides 
present, then adding 3 grams of ammonium persulphate, and toil- 
ing the mixture for five minutes. The permanganate coloiation 
obtained is compared with that shown by a known quantity d 
permanganate. W. P. S. 

New Method of Separating Iron from Manganese. 0. Hace 
{Chem. Zentr., 1914, i, 1375 j from Jakrh. K, K, Gtol 
1914, 63 , 161— 170).— When a neutral solution containing ferrow 
sulphate and manganese sulphate is boiled^ with the addition of 
potassium chlorate and zinc oxide, the iron is precipitated as 
ferric sulphate whilst the manganese remains in solution. At 
2‘5 grams of potassium chlorate and 1‘3 grams of zinc oxide aie 
required for the precipitation of O' 2 gram of iron, and the vo ura 
of the solution should be 500 c.c. The basic ferric sulphate is 
collected on a filter, washed with cold water, and the quan i y 
iron then estimated volumetric ally. The composition oi the p 
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apitaU varies slightly according to the conditions of the precipita^ 
tion. W. P. S, 

The Analytical Examination of Tungeten. Hans Arnold 
i^^ch. ChAWttf 1914| 88 , 74—87). — The methods adopted for 
the estimation of tungsten in ores are not suitable for the analysis 
of metallic tungsten. The hnely powdered metal may be dissolved 
by a mixture of ammonia and hydrogen peroxide, or by ammonium 
persulphate. Coarser^ powders must be oxidised by alternately 
fasting and moistening with nitric acid. The massive metal is 
best dissolved eiectrolytically, using ammonia with a little ammon- 
ium persulphate in a platinum basin as cathode. Fragments of the 
metal also dissolve readily in fused potassium or sodium nitrite. 

Strongly ignited tungsten trioxide is not attacked by ammonia, 
but if finely ground and mixed with a dilute solution of sodium 
carbonate, it is easily ^ssolved by ammonia. The ignited oxide is 
also dissolved if added in small quantities to hot ammonia solution. 

In the analysis of tungsten an alkaline solution is mixed with 
tartaric acid (1 mol. to 1 mol. WOg), acidified with hydrochloric 
acid, and saturated with hydrogen sulphide whilst hot. The sul- 
phide precipitate thus obtained is free from tungsten, but may 
contain some silica. Molybdenum and arsenic require special treat- 
ment in this group. 

The separation of tungsten from the metals precipitated by 
ammonium sulphide is difficult. The benzidine precipitation 
(Ruorre, A., 1905, ii, 286) is not quantitative. It is therefore 
necessary to precipitate tungstic acid by pouring the alkaline solu- 
tion into boiling concentrated hydrochloric acid. The precipitate 
is washed with dilute acid. The filtrate contains the remaining 
metals, together with large quantities of alkali or ammonium' salts, 
chiefly tartrate. It is evaporated to dryness and ignited in small 
quantities in a covered platinum basin. The carbon must not be 
completely removed, in order to prevent the oxidation of man- 
ganese 

Commercial ammonium tungstate has the formula 
, (NH,),W 50 ,„ 2 H, 0 , 

differing from the formula usually given, but corresponding with 
Werner's sodium para tungstate, Na 4 W 50 i 7 ,llH 20 . The minute 
quantities of impurities in several commercial varieties are tabu- 
*^led. C. H. D. 

Detection of Antimony in Qualitative Inorganic Analysis. 
JuLms Petersen {Zeiisdi. ajwry, Chem.i 1914, 88 , 108).— ‘When 
antimony sulphide is wanned with water and sodium peroxide, the 
following reactions take place : 

' 86383 HNagOg + llHgO =Na^H 2 Sb 207 -f SNosSO^ + 20NaOH, 

; J 02 S 6 + 20Na3O2 -H 15H20=rNa;H2Sb207 -t- 5 Na 2 S 04 -f- 28NaOH. 
bodium antimonate crystallisee on cooling. 

I 1'“'^ reaction ma^ be applied to the mixed precipitate containing 
; sulphides of arsenic, antimony, and tin. When much tin is 
t present, stannic oxide is precipitated, but may be removed by 

46—2 
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filtering the boiling solution. Arsenic may be tested for t 
removal of antimony. q g 


Estimation of Antimony in Minerala A. Cappim f „ . 
1914, [v], 4 , i, 148 — 149), — Two methods are commonly used 
antimony siilp^hide isolated in the usual manner is weighed, and 
sulphur contained therein estimated by conversion into sulphate • 
alkaline solution by means of a current of chlorine. After acid'b 
ing with hydrochloric acid and adding also some tartaric acid 
sulphate is decomposed with barium chloride, etc. This method 
although tedious, is accurate, but, according to the autlior it ’ 
necessary to free the ignited barium sulphate from any carboua^ 
(due to co-precipitated barium tartrate) by treating with weak 
hydrochloric acid. 

On the other hand, the process based on the electrolytic deposi- 
tion of the antimony from its solution in sodium monosulphide 
(with addition of a little potassium cyanide or sodium sulphite) does 
not give, to judge from its appearance, a pure metallic deposit- 
in fact, the results are always too high, and the author suspects the 
presence of antimony hydride. L. de £, 


Analysis of Stibium Sulphuratum Aurantiacum, f, Lebkank 
and M. Berdau {Ghent. Zentr., 1914, i, 1699 — 1700; from 
ZeiLf 1914, 29, 186 — 187). — The principle of the proposed method is 
as follows: Antimony pentasulphide is decomposed by concentiated 
hydrochloric acid according to the equation, 

SbsSs + 6HC1 = SHgS + 2S + 2SbC]3. 

The antimony trichloride is then oxidised by hydrogen peroxide, 
and the antimonic acid is estimated iodometrically, 

SbA + 4HI - Sb^Oj + 41 + 2 H 2 O. 

A quantity of about O' 2 gram of the substance is boiled with 25 c.e. 
of 25% hydrochloric acid until decomposed, 10 c.c. of hydrogen per- 
oxide solution are added, the mixture is again boiled, and filtered 
through glass-wool. The cold filtrate is treated with 2 grams of 
potassium iodide, and the liberated iodine is titrated with tliio- 
sulphate solution. Each c.c. of .V/ 10-thiosulphate solution co^^^ 
eponds with O' 00 6 gram of antimony or O'Ol gram of antimony 
trioxide. W. P. S. 


Detection of Platinum -with Stannous Chloride. Egos 
Langjstein and Paul H. Pbausnitz (Chem. Zeit., 1914, 38, 802).— In 
using the colour reaction described by Wohler (A., 1909, ii, 215) 
care should be taken that the solution to be tested for platiniira 
does not contain organic substances, since these, when treated with 
aqua regia and hydrochloric acid, yield solutions giving a similar 
coloration to that yielded by platinum ; for instance, filter-paper or 
the humus substances present in ores gives a coloration, under w 
conditions of the test, which may be mistaken for the platimi® 
reaction. The test is trustworthy when organic substances prewa 
have been destroyed previously. W. P- 
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. tion of Small Quantities of Methane in Mine Gases. 
{Chm, Zentr., 19U, i, 1776 ; from OsUrr. Gh^m. Zeii.t 

^' 1^17 69)' ^When the quantity of methane in a mine gas is 

^0’05% hy vol., errors in ite estimation may arise owing 
incomplete absorption of the carbon dioxide. This may be 
1 causing the inlet tubes to the absorption vessels to 
reiTie ic j ijgjium hydroxide solution ; the end of the inlet tubes 
gisc* be drawn out into fine jets. With these alterations no 
of carbon dioxide will be found in the third absorption vessel. 


a^naration of Hydrocarbons by Liquid Sulphur Dioxide. 
, Eo^ANO (Ohm. Zmlr., 1914, i, 1785 ; from 1914,9, 

Qr^lH64^ —Aromatic and cyclic unsaturated hydrocarbons may be 
^ petroleum distillates by shaking the latter with liquid 

dioxide; these hydrocarbons are soluble in the sulphur 
flxide whilst the paraffin and naphthene hydrocarbons are prac- 
? llv insoluble. The estimation is carried out at a temperature 
and a thick-walled graduated burette is employed. 


Spindle Pyknometer, a New Instrument for the Estimation 
r.f Mpfthol H. WOSTBNFELP and Ch. Foehe {Chem. Z6nir., 1914, i, 
I5,37- from Dtut. SssigtTid., 18, 114 — 116, 125— 127).— The use of 
the ordinary form of pyknometer in the estimation of 
alcohol is hampered by imperfect meniscus formation. 

To overcame this defect, Klemann has devised an 
apparatus which, when filled with the distillate, floats in 
toluene. The construction is obvious from the figure. 

The liquid to be investigated is poured into a and the 
lieight read off on the scale 6. c is a glass bulb which 
increases the buoyancy of the apparatus. The level of 
fdliiig and the floating equilibrium are determined from 
the graduated scale. The volume of the liquid in the 
spindle is determined by weighing with distilled water, 
the weight by immersion in toluene. The apparatus has 
the advantage over the weight pyknometer that deter- 
minations can be made without using the balance. Only 
50 c.c. of distillate are required. The contents need not 
be brought to a definite mark or to normal temperature 
if temperature-correction tables are used. One instru- 
ment suffices for solutions containing 0- — 12% of alcohol. 

The density of toluene at different temperatures (com- 
pared with water at 15'^) has been determined: 12*5°, 

0-87228; 15^ 0*87005; 17*5® 0*86774 (0*86773); 20 0°, 

0*86550 (0*86549); 22*5®, 0*86314; 25*0°, 0*86089. 


A Colour Reaction gi'ven by Quinol in the Solid State. 
Maldinev (Compt. rend., 1914, 158, 1782-1783).-On mixing 
together a little solid potassium carbonate and quinol a pale blue 



ii. 682 


ABSTRACTS OF CHEM[CAL PAPERS. 


coloration is obtained, which gradually deepens in intensity to th 
of Prussian blue. This colour is destroy^ by water, alcohol 
ammonia, slowly by ether, and immediately by heat. Chlorofo^^ 


and benzene are without effect on it. The solution 


water is 


yellow, gradually turning brown, the liquid on evaporation yielihif 
brown crystals. The blue substance becomes brownish-black iu ^ 
few hours on exposure to air. With sodium carbonate quinol giv^ 
a mauve-gwy coloration, and with ammonium or lithium carbonate** 
no coloration. W. G 


Izifiuence of Atmospheric Gonditione in, the Testing of 
Sugars, P. J. Batbs and F. P. Phblps (/. Washington A^cad, Sci 
1914, 4, 317 — 318 *■).— Experiments have been made to detertain^ 
the correction for the loss of water by evaporation during the filtra. 
tion of raw sugar solutions under varying atmospheric conditions 
The observations are satisfactorily represented by the equation 
Q-CT{Pg-Pa)i where Q is the change due to evaporation in 
time Tj A the vapour pressure of the sugar solution, and the 
pressure of the water vapour in the atmosphere. If the solution k 
not poured back upon the filter, the change is so small as to be 
negligible in ordinary sugar testing. In this case the experiments 
gave C=0'00017, whereas experiments in which the solution was 
returned to the filter gave C— 0*0006. H. M. D. 


Estimation of Saccharine Substances in the Liver. H. 
Bibbky and (Mme.) Z, Gruzewska {Compt, rsnd., 1914, 158, 
1828 — 1830). — The total carbohydrate content of the liver is esti- 
mated as follows : Immediately after death the liver is removed, 
weighed, ground to pulp, and a portion (10 — 25 grams) weighed out 
and frozen with liquid air. The solid mass is ground up in a 
mortar, inserted in a freezing mixture, transferred to a flask with 
100 c,c. of 5% hydrochloric acid, and heated in an autoclave at 
120° for thirty minutes. The cold liquid is neutralised with sodium 
hydroxide, the protein substances precipitated with mercuric 
nitrate and filtered off, and the filtrate neutralised and made up 
to 300 c.c. In this solution the excess of mercury is eliminated by 
addition of zinc dust, and the sugar then estimated by the Mohr- 
Bertrand method. By this method and their method for estimating 
glycogen (compare A., 1913, ii, 160, 635) the authors have deten 
mined the amount of glycogen and total carbohydrate, both 
expressed as dextrose, in the livers of marmots at the end of winter, 
and in livers of dogs, rabbits, and chicken. In the case of the cold- 
blooded animal, the marmot, the glycogen and total carbohydrate 
content are practically equal, whereas in the case of the norma) 
homothermic anTmals, the dog, rabbit, and chicken, there is always 
a small amount of carbohydrate in addition to the glycogen, widen 
is present either as free sugar or as reserves other than glycogen. 

^ W. G. 


Estimation of Sugars in Beet Molasses by Clergets 
E. Saillard, Wesrung, and Bust {Ckm. Zmir.j 1914, i, 1781— no- ; 
from M&n. [v], 4, 232— 245).— Since the ordinary Clerget 

♦ jtnd ZdUch. Fer. Deut ZueJemnd, 1914, 579-596. 
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method yields low r^Its, owing to the fact that tlie proteins in 
pj^jlasses exhibit a different rotation in alkaline and acid solutions, 
the following method is recommended for the estimation of sugars 
in beet molasses, Fifty>two grams of the molasses are treated with 
20 C.C. of basic lead acetate solution, diluted to 200 c.c., and 
iltered; 100 the filtrate are then treated with sulphur 

dioxide or oxalic acid to remove lead, the acid is neutralised with 
calcium carbonate or barium carbonate, a small quantity of animal 
charcoal is added^ and the mixture is filtered. Fifty c.c. of the 
filtrate are then mixed with a quantity of sodium chloride equiva- 
lent to the amount of hydrochloric acid used for the subsequent 
inversion, the solution is diluted to 100 c.c., and polarised at 20*^ 
(reading-^). Another quantity of 50 c.c. of this filtrate is then 
mixed with 25 c.c. of water and 6'5 c.c. of hydrochloric acid 
(D 1'18), inverted, neutralised with sodium hydroxide, cooled to 
20^, diluted to 100 c.c., and polarised (reading =J5). The percent- 
age of sugar, 8, is calculated from the formula : 

^ ~ +^) 

Coeff. of inversion — #7 2 

(compare A,, 1912, ii, 698), W. P. S, 

Estimation of MannitoL Jan Suit .{ZeiUch. tmal, CJiem., 1914, 
53, 473 — 490), — ^The processes based on the crystallisation of the 
mannitol, its polarimetric determination in presence of borax, and 
on its power of forming additive products with aldehydes are 
unsuitable in practice, 

The process employed by Wagenaar for the estimation of glycerol 
(A. I 1911, ii, 663) (which depends on the titration of copper 
hydroxide held in solution in presence of free alkali) has, however, 
been found useful for the estimation of mannitol. Of course, a 
special table had to be constructed, and interfering substances 
should be absent. Ammonia and also dextrose may be eliminated 
by heating with sodium or calcium hydroxides; sugar may also be 
got rid of by fermentation. Colouring matters formed may be 
removed by basic lead acetate, the excess of which is then in turn 
removed by sulphuric acid, and any lactic acid present is extracted 
with ether. Glycerol may be removed previously from the dry 
residue by extracting with a mixture of two volumes of absolute 
alcohol, and three volumes of ether. Amino-acids may be removed 
with phosphotungstic acid. Sorbitol and dulcitol, which, however, 
occur but rarely, interfere with the direct application of the process. 

L. DE K. 

Estimation of Bhamnose in the Presence of Other Methyl- 
pentoses. Emile Voto6kk and R. PoTMEhn (Bull. Soc. chim., 
1914, [iv], 15, 634— 639),-'Rhamiiose can be estimated in presence 
of other metbylpentosei by conversion into the corresponding 
nitrile, hydrolysis to o-rhamnohexonic acid, and oxidation of this 
substance to mucic acid by the action of nitric acid. When other 
methylpentoses, such as rhodeose, are present, the total amount of 
these sugars can be determined by the methylfurfuraldehyde 
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method, the percentage amount of those other than rhamnose bei 
estimated by difference. A. J, 

Estimation of Glycogen in Yeast. E. Salkowski 
fhysiol, Chm., 1914, 92, 76 — 88). — A critical examination of 
method (this vol., i, 635) for the estimation of glycogen in 
Experiments by the present author show that yeast “ gum " is 
destroyed by the boiling alkali employed in Euler’s process, and 
therefore, as it also furnishes dextrose on hydrolysis, a portion of 
what is assumed by Euler to be glycogen is, in reality, 
“gum.” Further experiments lead the author to conclude that 
owing to the presence of other substances of a oellulose-carbo^ 
hydrate nature, it is impossible separately to estimate the glycogen 
in yeast. H, W. B. 

Estimation of Hydrocyanic Acid and Alkali Cyanides, 
G, E, F. Lundeli. and J. A. Bridouan {/. /nd. JSng, Chm., 1914, 6 
554 — 556). — The method described consists in rendering the 
cyanide solution slightly ammoniacal, adding a small quantity of 
dimefchylglyoxiine solution, and titrating the mixture with a 
standardised nickel ammonium sulphate solution; the dimethyl- 
glyoxime serves as the indicator, since no permanent red precipi- 
tate of nickel dimethylgiyoxime is obtained until all the cyanide 
has been combined, according to the equation NiS 04 + 4KCNi= 
K2Ni(CN)4-fK2S04. W. P. S. 

The Insoluble Bromide Number of Oils and its Estimation. 
Alex, Gemmbll [Analy&tj 1914, 39, 297 — 308). — Since the results 
obtained in the estimation of the insoluble bromide number of 
oils are influenced by various conditions of experiment, and par- 
ticularly by the solubility factor, the following method of pro- 
cedure is recommended as being capable of yielding trustwortliy 
and concordant results. Five grams of the oil are saponified with 
alcoholic potassium hydroxide solution, the soap is dried, dissolved 
in 100 c.c. of water, and the fatty acids are liberated. After cool- 
ing, 30 c.c. of ether are added, the ethereal layer is separated, the 
aqueous portion is shaken with 20 c.c. of ether, and the whole 
ethereal extract is diluted with ether to 100 c.c. Twenty c.c. of 
this solution are then treated with 2 c.c. of glacial acetic acid, 
cooled in ice- water, and bromine is added. The precipitate is 
washed five times with cold ether, using 5 c.c. each time, then dried 
and weighed. It is better to work with the fatty acids, as 
secondary reactions take place when the glycerides are brominated 
directly. The precipitates obtained from the fatty acids approxi- 
mate more closely in composition to the pure hexabromide (vege- 
table oils) or octabromide (marine animal oils) than is the case 
when the glycerides themselves are employed for the estimation. 

^ W. P. S. 

A New Reaction of Fats (Chromium-chiysoidine Reaction), 
Patty Substances of the Epidermal Tissue in General. 
Leonardo 'M.kKiimTSuiZeiisch. physiol, 1914, 91, 425 — 

A group of dyes belonging to the class of aminoazo-componnds 
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have property of fixing fats, and, in the presence of an oxidising 
reagent, of making them insoluble. Chryaoidine lends itself well 
to this purpose, and the best oxidisers are chromic acid and the 
(iichromates. All these substances stimulate the formation of 
epithelium in skin wounds. The reaction demonstrates the 
presence of fatty substances in the human epidermis, especially in 
the membranes, in keratohyalin, eleidin, and the eleidin deriv- 
atives of nail and hair. 

In staining by this method, the material is fixed in 10% form- 
aldehyde, cut by the freezing microtome, and immersed for five to 
ten minutes or longer in a 1% aqueous chrysoidine solution. After 
washing for a short time, the sections are placed in the oxidising 
affent (10% chromic acid or potassium dichromate) for one minute, 
then washed and mounted in the usual way. Detailed recom- 
mendations are made as to the choice of particular dyes and 
oiddising agents in the groups mentioned in order to obtain the 
best results with different tissues. R, V. S. 

The Melting and Solidifying Points of Mixtures of Fatty 
Acids and the Use of these Points to Estimate the Com- 
position of such Mixtures. E. Twitchbll (/, Ind. Eng. Chem., 
1914, 6, 564—569). — Whilst the lowering of the solidifying point 
of a pure, fatty acid caused by the addition of other fatty acids 
varies too much to permit the use of this method in calculating 
tlie composition of a mixture of fatty acids, the lowering of the 
melting point is more constant. The author has applied the melt> 
iiig-point method to the solid fatty acids obtained from various 
oils and hydrogenated oils, and gives the results of the investiga- 
tion in detail. The fatty acids of cottonseed oil were found to 
consist of palmitic acid, 25 ‘9%, and unsaturated acids with 
eighteen carbon atoms, 72*8%. The fatty acids of menhaden oil 
contained palmitic acid, 22’7 ; other solid, saturated acids, 1V8; 
unsaturated, acids with eighteen carbon atems, 26’7; and unsatu- 
ratcd acids with twenty-two carbon atoms, 20’ 2%, W. P. S. 

The Eatimation of /3-Hydroxybutyric Acid. Ernest Lau- 
rence Ken N AWAY {Biocditm. «/., 1914, 8, 230 — 245), — A full descrip- 
tioii of work of which a preliminary account has already been 
given (this vol., ii, 304). H. W. B. 

Eatimation of Lactic Acid. Charles G. L. Wolf {J. Ehyml., 
1914, 48, 341 — 347). — It is found that the estimation of lactic 
acid by means of the zinc salt gives more satisfactory results than 
by the oxidation methods. In concentrating the fluids containing 
the acids, the evaporation should take place in a vacuum at as low 
a temperature as possible, to avoid loss of the acid. The extrac- 
tion from the concentrated solution by ether is best accomplished 
by absorbing the solution on blotting paper (Adams’ paper), and 
extracting in a Soxhlet apparatus for three to four hours. The 
proteins may be removed in a quite satisfactory manner by 
Schenk’s reagent. S. B. S. 
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Detection of Mcdonic Acid. H. J. H. Fartok {Proc. CaniJ, 
Phil. Soc.j 1914, 17 , 477 ).— The substance under examinatioa \ 
mixed with anhydrous me^yl or ethyl alcohol containing hydr^ 
chloric acid, the mixture is heated for a few minutes, tlie^ 

neutralised, and an alcoholic solution of bromomethylfurfuraldeli?d 

is added. On rendering the mixture slightly alkaline with 
alcoholic potassium hydroxide solution, an intense blue fluorescence 
is obtained if malonic acid or its esters are present. The reaction 
appears to be characteristic of these substances, and is not give^ 
by acetoacet^c and dicarboxyglutaconic esters. W. p. § 


Examination of Iron Oallate Inka. Apparatus for the 
Extraction of these Inks with Ethyl Acetate. Ricbasd 
Kkmpf {Chem. Zmlr., 1914, i, 1531 ; from Mitt. K. 

Gr<m LichUf/eldSj 1914, 31 , 451—455), — The apparatus consists of a 
tall glass vessel provided with a cooling jacket ; the spiral stem of 
a funnel extends to the bottom of the vessel, and the loM'er end 
of the stem ends in a bulb having fine perforations. Tlie con- 
densed solvent (ethyl acetate) from the reflux apparatus falls into 
the funnel, passes down the stem, and rises in the form of small 
drops through the acidified ink contained in the vessel ; the solvent 
collects on the surface of the ink, and flows thence back ijito the 
extraction flask. W. P. S. 


Estimation of the Oxyproteic Acid Fraction in Normal 
and Pathological Urines. Rkmpei Sassa (Biochm, Zeitsckt 1914, 
64 , 195 — 221). — The author has subjected to a critical experi- 
mental examination the various methods for estimating the oxy- 
proteic ” fraction of urines (that is, the acids yielding barium salts 
soluble in water, but insoluble in mixtures of ether and alcohol, 
and giving a precipitate with mercuric acetate). He has devised 
a modified method, the essential point of which is tliat the liquid 
containing the soluble barium salts is evaporated to a syrup and 
then mix^ with kieselguhr before extraction with the mixture of 
alcoliol and ether. The “ oxyproteic " nitrogen was found to vary 
very little in normal individuals (4' 3 — 4*7% of the total nitrogen), 
whereas in cases of cachexia, including carcinomatous and 
phthisical patients, it was markedly increased (6 — ^9‘6%). This 
increase is not, however, distinctive of carcinoma, as other authors 
have stated. S. B. S. 


The Analyeis of Essential Oils. A. BinAL {Bull. Soc. chim., 
1914, [iv], 15 , 565 — 568). — An examination of the cause of error 
in the estimation of esters in essential oils by the usual method. 
The author finds that it is due to the formation of small amounts 
of ethyl esters on heating the oils with A/ 2-alcoholic pota^ium 
hydroxide. These ethyl esters, being volatile, are not condensed 
in the apparatus usually employed. The author has determined 
the loss in the case of a number of pure acetic and formic esters 
commonly occurring in essential oils. The loss is greater the 
longer is the time of contact and the smaller is the amount ol 
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alkali used. The error can be largely eliminated by using a water 
reflux condenser, or, better, by working in a sealed tube at 100°. 

W, G. 

Detection of Acetone in Urine. Fleischhann (C/*m. 
l9Ut h i Schijoeiz. Apoth, Ztit, 19U, 62, 222),— Ten c.c. 
of the urine are mixed in a tesfc-tnbe with 1 c.c. of acetic acid 
and four drops of a 5% sodium nitroprusside solution; 10 c.c. of 
ammonia are then poured on the surface of the mixture. When 
acetone is present, a violetrcoloured ring appears at the junction 
of the two liquids. Alcohol and aldehyde do not give the reaction. 

W. P. S. 

Turbidity Methods for the Determination of Acetone, 
Acetoacetio Acid, and |p-Hydroiybutyrio Acid in Urine. 
Otto Folik and W. Dskis {J. Biol. Ghem.f 1914, 18, 263 — 271). — 
The relative’ turbidities of the unknown and standard solutions, 
after treatment with certain reagents, are measured by means of 
an ordinary Duboscq colorimeter, in the same way as are ordinary 
colour intensities. 

The acetone in from 0‘5 to 5 c.c. of urine is first transferred by 
a rapid air current into 10 c.c. of a 2% solution of sodium hydrogen 
sulpliite, then diluted and mixed with 15 c.c. of Scott-Wilson's 
mercury cyanide reagent. After bringing to 100 c.c., the turbidity 
is compared with ' a similar solution prepared from a known 
quantity of acetone. The acetoacetic acid + acetone is similarly 
estimated by heating the urine during the aspiration, which con- 
verts the whole of the acid into acetone. 

For the determination of jSdiydroxybutyric acid, the urine is 
first boiled to expel acetone and acetoacetic acid, and then distilled 
with potassium dichromate and sulphuric acid, as in Shaflfef’s 
method. The acetone thus formed is then estimated by the 
turbidity produced by the Scotb Wilson reagent, as already 
indicated above. The accuracy is such that when various quanti- 
ties of J5-hydroxybutyric acid were added to urine, the quantities 
actually found by this method in seventeen instances were within 
97 to 101% of the theory. H. W. B. 

A Manometric Method for the Elstiiiiation of Urea (Car- 
bamide). Walthee LOb and Artur Prorok {Biochem. Zeitsdi., 1914, 
65, 273 — 282). — ^The substance containing carbamide is allowed to 
flow into the hypobromite solution from a graduated cylinder. 
Both the cylinder and vessel containing the hypobromite reagent 
are connected with a manometer, and the whole apparatus (which 
consists of glass and is figured in the text) can be immersed in a 
thermostat. The manometer, when small quantities of carbamide 
only are to be estimated, can be filled with water instead of 
mercury. The apparatus can be calibrated with solutions of pure 
carbamide before use. To estimate carbamide in serum, 5 — 10 c.c. 
of this fluid will suffice when a water manometer is employed. 

S, B. S. 
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Creatine and CreatiDine Metabolism. 11 The Bstimati 
of Creatine, Stanley B. Benedict {J, Bid. Chm., I94 j? 
191 — 194). — The procedure consists in evaporating the cr^ti ' 
solution, to which has been added about an equal bulk of norof) 
hydrochloric acid, to dryness. This quantitatively convert 
amounts of creatine up to 100 milligrams into creatinine, which ' 
then estimated colorimetrically by Folin’s method. When apnJied 
to urine, a pinch or two of powdered or granulated lead must also 
be added to prevent the formation of pigment. The production 
of any turbidity in the subsequent process of estimation due to 
the presence of traces of dissolved lead is prevented by the addi- 
tion of 5% Rochelle salt to the alkali solution employed. This 
process is claimed to be accurate and very rapid. H. W. B. 

Berberine and its Estimation. Ebw. Richter [Aftk Bham, 
1914, 252, 192 — 205). — Picrolonic acid is a very suitable reagent 
for the gravimetric estimation of berberine in its salts and druvs 
(compare Matthea and Raramstedt, A., 1907, ii, 592). Ita 
bility was first tested by means of berberine chloride, the purity 
of which was indicated by an ^timation of the water (by drying 
in a vacuum; compare Frerichs and Stoepel, A., 1913, i, 1094) and 
chlorine (found, 12 65 and 8' 22% respectively). A solution of tlie 
chloride (about O'l gram) in 20 c.c. of water is treated in a 
separating funnel with 10 c.c. of 15% sodium hydroxide, and then 
with 60 grams of ether. After the base has dissolved comjjletely 
in the ether, 40 grams of the ethereal solution are treated with 
5 c.c. of approximately A/iO-picrolonic acid, the mixture is shaken 
for a short time, and after about an hour the precipitated picro- 
ionate is collected in a Gooch crucible, washed with 10 c.c. of a 
mixture of alcohol and ether (3 : 1), and dried at 110°. The per- 
centage of berberine found is 79 '32 (C2j)Hig04NCl,3H20 requires 
berberine 78 97, water 12'69, and Cl 8*34%). ' , 

Berberine in a drug or tincture is estimated as follows. The 
coarsely powdered drug, 2' 5 grams, is completely extracted hy 
alcohol in a Soxhlet apjraratus. The alcoholic extract is fyeed 
from alcohol on the water-bath, the residue is dissolved in 15 c.c. 
of water, 10 c.c. of 15% sodium hydroxide and, after shaking, 
60 grams of ether are added; the mixture is shaken for fifteen 
minutes, 1 gram of tragacanth powder is added, and the mixture 
is shaken until the liquid is quite clear. Twenty-four grams of the 
yellow ethereal solution (equivalent to 1 gram of the drug) are 
treated with 5 c.c. of approximately A/lO-picrolonic acid, and tho 
resulting precipitate is collected and treated as above. The weight 
multiplied by 56' 1 gives the percentage of berberine in the drug. 

The estimation of the berberine in a tincture is very similar to 
the preceding. C, S. 

Microchemical Detection of Strychnine and Brucine in the 
Seeds of Strychnos Nux Vomica, R. Wasicky {Chm. Ztntr.i 
1914, i, 1464; from Zdtsch. Allg. QeBitrr, Afoih. V&e., 1914, 52, 
35, 41—42, 53—55, 67— 69).— Investigation of many proposed 
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t^st 5 showed that inorganic reagents are usually of little use in 
tiie detection of brucine and strychnine in vegetable preparations. 

. jiayer's and Marne’s reagents react only with strychnine, whilst 
iodine-potassium iodide gives mixed crystals of both alkaloids. 
Gold chloride gives a reaction which to some extent distinguishes 
the alkaloids from one another, and potassium ferrocyanide serves 
for the detection of_ strychnine. Picrolonic acid is the best re- 
agent for the detection of brucine in the presence of strychnine; 
with strychnine it yields small, needle-shaped yellow crystals, which 
do not change when heated, whilst with brucine it gives a floccu- 
ieiit precipitate, which on wanning forms clusters of rhombic, 
optically active crystals. W. P. S. 

Estimation of Albumin in Urine. Otto Foun and W. Denis 
(/, Biol Ghom,, 1914, 18, 273 — 276), — Two methods are described. 
The “turbidity” method consists in comparing the turbidities pro- 
duced by aulphosalicylic acid in the unknown and standard protein 
solutions, and the gravimetric method in coagulating the protein 
ill 10 c.c. of the urine contained in a weighed centrifuge tube, wash- 
ing with water and alcohol, and drying at 100*^ to constant weight. 
Both methods give approximately the same results. 

H. W. B. 

Detection of Albumiu and Other Proteins in Urine. Re- 
actions of an Acetic Acid Soluble Albumin. A. Lespinassr 
{Cimn. Zentr.t 1914, i, 1710; from Bull. Sci, Pharmacol,, 1914, 21, 
loO — 156). — The presence of albumin in the urine of persons who 
daily take doses of quinine can only be detected by the coagula- 
tion test after the urine has been rendered slightly acid with 
acetic acid and treated with a small quantity of ^ium chloride; 
the usual precipitating reagents cannot be used with such urines. 
Protein decomposition prc^ucts may be detected in the filtrate 
from the albumin precipitate by means of the biuret reaction. In 
certain urines the author noted the presence of an albumin which 
was soluble in acetic acid ; this albumin was precipitated by dilute 
acetic acid, but dissolved readily in an excess of the acid, and was 
not reprecipitated by nitric acid. Hot hydrochloric acid precipi- 
tated the albumin, but the precipitate dissolved in an excess of 
t!ie acid, yielding a violet-coloured solution. Millon’s, Tanret’s, 
and Esbach’s reagents pelded precipitates with the urine. The 
precipitate obtained by heating the urine with a small quantity of 
acetic acid did not dissolve when the mixture was boiled for 
twenty minutes, but when an excess of the acid was added before 
boiling, no precipitate was obtained. All the proteins present were 
precipitated on heating the urine with trichloroacetic acid, and the 
liUrate gave no reaction with the biuret test. W. P. S. 

Precipitation of Lactalbumiu in Cows’ Milk. W. 0. Walker 
and A. F. Grant CADBamEAD (/, Jnd. Eng. Chm., 1914,6, 573-^674). 

The following method yields more trustworthy results than does 
that in which the albumin is separated by heating the filtrate from 
the casein precipitate with acetic acid. After the casein has been 
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precipitated with dilute acetic acid and r^oved by filtration, the 
filtrate is neutralised with sodium hydroxide solution, one drop of 
10% acetic acid is added, the solution heated to 45° and treated 
with a reagent consisting ol 8 grams of tannin, 190 c.c. of 5 Qcj/ 
alcohol, and 8 c.c. of 25% acetic acid. The precipitate is collected 
after thirty minutes, and the nitrogen estimated in it hy 
KjeldahTs method, the factor 6 '34 being used to calculate the 
nitrogen into albumin, W. P. 

Estimation of Oaaein in Milk by moons of the Tetraserum. 

B. PFTii and R. Tuksau (Arb. K. GmkndheitscmU,^ 1914, 47 
347— 361).“The following volumetric method is proposed: 50 c.c! 
of the milk are treated with six drops of 1% phenol phthalein 
solution and titrated with 10-alkali solution. A second quantity 
of 50 c.c. of the milk is then mixed in a stoppered flask with 
5 c.c. of carbon tetrachloride and 1 c.c. of 20% acetic acid {the 
acidity of this acid must be estimated accurately), the mixture is 
shaken thoroughly, and filtered; 25 c.c. of the filtrate (tetraserum) 
are now titrated with A/ 10-alkali solution. From the first titra- 
tion and the acidity of the acetic acid is calculated the quantity 
of alkali used for 25 c.c. of milk plus 0’5 c.c. of acetic acid («, c.c. 
oi N j 10-alkali solution) ; then, knowing the quantity of alkali solu- 
tion used for the titration of the serum (6 c.c. of A/ 10-alkali solu- 
tion) and the amount of fat in the milk (/ grams per 100 c.c,), 
the quantity of casein (grams per 100 c.c.) is calculated from the 
formula x—0‘i^l(a~h . 99’3 — //lOO). By taking into account the 
specific gravities of the milk and the serum, slightly more accurate 
results may be obtained. The authors find that casein obtained 
from milk contains 15 ‘5% of nitrogen, and that each gram oi the 
protein requires 8'75 c.c, of A/lO-alkali solution for neutralisa- 
tion towards phenol phthalein. W. P. S, 

A Titration Method for the Estimation of Phytin, cWolfgang 
Hjubneb and Hermann Stapler {Bioehem. Zeitsoh., 1914, 64, 
422 — 437). — Phytic acid in presence of 0'6% hydrochloric acid can 
be estimated by titration with ferric chloride solution containing 
0'05 to 0'2% of the iron salt and O' 6% hydrochloric acid, ammoniiun 
thiocyanate in 0'03% concentration (of initial volume) being 
employed as indicator. One mg. of iron corresponds with 1’19 mg, 
of phytin. The titration can be carried out in the presence of 
inorganic phosphates or esters of phosphoric acid, which are not 
precipitated in the presence of acid, provided that they axe not 
present in too large excess over the phytin. S. B. S. 

Method of Increasing the Sensitiveness of Telmon’s Reaction 
for the Detection of Blood in Organic Liquids. Geobges 
RoniLLON {Chem. Zmtr.^ 1914, i, 1706; from BvlL Sei Fkarrmd., 
1914, 21, 156 — 157). — This test may be rendered about one 
hundred times more sensitive by mixing 10 c.c, of the liquid under 
examination with 2 c.c. of Meyer’s reagent (this must be quite 
colourless) and a few drops of hydrogen peroxide ; from 2 to 3 c.c. 
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j 90 % alcohol are then poi|^ on the surface of the mixture, A 
I 4 coloration appears at tfe junction of the two liquids if blood 
is present. Urine containing ^ pus, but free from blood, gives a 
o&itive reaction with the original test; if, however, such urine be 
diluted until it no longer gives a reaction, and then further diluted 
with ten times its volume of water, the presence or absence of 
blood may be ascertained by^yeans of the modified test. 

Sensitiveness of the Peroxydase Eeaction. A. Bach (Ber., 
1914, 2122 — 2124). — The author has subjected the solution of 

neroxydase obtained from horse-radish to purification by means of 
ultra-filtration, for which process a simple but convenient apparatus 
is described. The product was much more active than that 
obtained by Bach and Tscherniak (A., 1908, i, 746), and still 
more so than that described by Bach and Chodat (A,, 1903, i, 377). 

For testing the sensitiveness of the peroxydase reaction, guaiacol 
is found to be t^e most suitable substance, on account of its relative 
resistance to hydrogen peroxide in the absence of a catalyst. 
When a mixture of 8 c.c. of a 0T% solution of guaiacol with 
1 c.c. of a 0T% solution of hydrogen peroxide was treated with 
1 C.C. of a solution containing one part by weight of dry peroxydase 
per 10^ parts of water, a brownish-r^ coloration is distinctly 
visible after twenty minutes, and gradually deepens. D, F, T. 

Nephelometry in the Study of Nucleases. Philip Adolph 
Kobek and Saba S. Gkaves (J. Amer. Ckem. Soc,, 1914, 36, 
1304— 1310).— A method is described for estimating undigested 
nucleic acids which consists in adding a O' 2% solution of egg- 
aibumin, faintly acidified with acetic acid, to a dilute solution of 
the nucleic acid, and estimating the resulting suspensoids by mean's 
of the nephelometer. The reagent is not appreciably affected by 
most substances met with in physiological work, and will readily 
detect 1 part of yeast nucleic acid in 1,000,000 parts of water. 

E, G-. 

The Camznidge Pancreas Reaction. 0. A. Pbkelhabing 
and C. J. C. VAN Hoogbnhuyzb [Zeiisch. physioL Chem.i 1914, 91, 
151— 164).~The authoTs’ experiments indicate that this reaction 
(Cammidge, British Mtd, Jouf rial^ 1906, 1130) is due to animal 
gum or urinary dextrin present in small quantity in normal urine 
and in increased quantity in patholc^ical cases, in which it is 
sufficient to give riee to Cammidge' s reaction. This dextrinuria 
can be produced in normal persons by the administration of large 
quantities of sugar. R. V. S. 

Applicability of the Dialysis Process to the Investigation 
of CUnical and Biolc^caJ Questions. Emil Abdexhalden (C/wm. 

1914, !, 920 ; from mAd. FbcA., 1914, 61, 233—238). 

-Attention is called to the various sources of error, especially as 
regards the dialysiug membranes, as there is no material known 
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: ^n also, bo separate by coagul^J^ aad 
,?feade;_^:ftoply the method of ultr»«^^ ;^Aii^ofch©r sout^^ 
e^r il^at the substrate may yieli nohii|ecidc teactio^^ T? 
author describes a dialysis, appalls which he uses in j,* 
experiments, " S B g*^ 

Adsorption Phenomena m Miii§|Pfen^a DialyBis Proofifi. 
F. Plaut {Cham, 1 914, i, 920 ; mmHitneh. mad. Woch., 19U 

61, 238 — 241). — ^An increase of substances which can yield a noj’ 
tive ninhydrin reaction in the dialysate -^n be caused by^ 
presence of inorganic substances like kaolin, barium sulphate, talc^ 
and kieselguhr. It is possible that organic subetances such ^ 
used in Abderhalden's reaction have a similar effect. Such pheno- 
mena as these described may lead to erroneous results in the appli- 
cations of the reactions. g, g ' 

The Abderbalden Reaction. Hxludth TaAB^and Nina Kon- 
c^y {Biochm. Zeitsch,, 1914, 63, 483— 496).— The authors have 
directed their experiments to ascertain whether the senun of 
pregnant individuals really produces a degradation of the placenta 
proteins in accordant with Abderhalden’s theory of protective 
ferments. They capied out a large number of experiments bj 
means of the dialysis method, and collected' together a portiwi of. 
the dialysates of both sera alone (of pregnant and normal indivi- 
duals) and of sera with placenta. In the collected .^ilysates from 
a large number of tests, the total and .amino-nitrogen (by van 
Slyke's method) were estimated. In the non-pregiuint cases the 
dialysates from the serum alone did not contain more total nitrogen 
and amino-nitrogen than the dialysates of sera 4^ placenta. On the 
other hand, in the pregnant cases (of which the dialysates yielded 
a positive ninhydrin reaction, but negative reactions with the 
biuret and sulphosalicylicf acid tests),' the dialysates from the 
serum -f- placenta dialysates fcontained more total and aminonitrogen 
than the dialysates from serum alone; This incre^ was not 
observed when the dialysis was carried out at 0®. On the other 
hand, experiments by l^e optical method, and by the estimation 
of amino-nitrogen When sera were allow^ to act on placenta 
peptone, failed to reveal any difference between the actions of aera 
from pregnant and normal cases. The evidence that the pregnant 
TOra contain a ferment which breaks down placenta proteins is 
insufficient. S. K S. 




